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XQG 3V\FKURSKLOH ]HLJHQ JHULQJHUH :DFKVWXPVUDWHQ EHL 7HPSHUDWXUHQ XP & XQG
+DORSKLOH O\VLHUHQZHQQVLHPLW/|VXQJHQJHULQJHU6DO]NRQ]HQWUDWLRQ LQ.RQWDNWNRPPHQ
6LHN|QQHQDOVRQXUXQWHU%HGLQJXQJHQH[LVWLHUHQGLHIUPHVRSKLOH2UJDQLVPHQOHWDOVLQG
'HUJU|WH7HLOGHUH[RWLVFKHQ0LNURRUJDQLVPHQJHK|UW]XGHQ$UFKDHD6LHZXUGHQ]XHUVW]X
GHQ %DNWHULHQ JH]lKOW ELV &DUO :RHVH XQWHU DQGHUHP DQKDQG GHV 9HUJOHLFKV GHU 6
8QWHUHLQKHLWHQ GHU ULERVRPDOHQ 51$ IHVWVWHOOWH GDVV GLHVH 0LNURRUJDQLVPHQ HLQH HLJHQH
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

.ODVVHQHEHQ%DNWHULHQXQG(XNDU\RQWHQGDUVWHOOHQ'LH$UFKDHDGLYHUJLHUWHQVHKUIUKQDFK
GHU(QWVWHKXQJGHV/HEHQVDXIGHU(UGHYRQHLQHPJHPHLQVDPHQ9RUIDKUHQ:KHHOLVHWDO
:RHVHHWDO$QIDQJVZXUGHQVLHYRUDOOHPLQXQJHZ|KQOLFKHQ/HEHQVUlXPHQ
JHVXFKW GDPDQ GDYRQ DXVJLQJ GDVV VLH LQ 1LVFKHQ EHUOHEW KDEHQ GHUHQ *HJHEHQKHLWHQ
GHQHQ DXI GHU8UHUGH lKQHOQ +HXW]XWDJH LVW EHNDQQW GDVV $UFKDHD EHUDOO ]X ILQGHQ VLQG
2OVHQ
6HLWHLQLJHQ-DKUHQYHUVXFKHQ)RUVFKHUGLH$QSDVVXQJGHU([WUHPRSKLOHQDQLKUH8PZHOW]X
HUNOlUHQ7HPSHUDWXU'UXFNS+:HUWXQG6DO]NRQ]HQWUDWLRQKDEHQ(LQIOXDXIGLH6WUXNWXU
GHU3URWHLQHGHU'1$XQGDXFKGHU0HPEUDQXQGVRPLWDXIGHUHQ)XQNWLRQVIlKLJNHLW
7KHUPRSKLOH 2UJDQLVPHQ ZXUGHQ ELVKHU DP XPIDQJUHLFKVWHQ XQWHUVXFKW 'LH 6XFKH QDFK
EHVRQGHUHQ 6WUXNWXUHQ RGHU 0HFKDQLVPHQ GLH HLQH $QSDVVXQJ DQ GLH H[WUHPHQ lXHUHQ
%HGLQJXQJHQ JHZlKUOHLVWHQ ZDU QLFKW HUIROJUHLFK 6WDWW GHVVHQ ZXUGH IHVWJHVWHOOW GD GLH
$GDSWLHUXQJ PLW +LOIH GHUVHOEHQ VFKZDFKHQ HOHNWURVWDWLVFKHQ :HFKVHOZLUNXQJHQ XQG
K\GURSKREHQ ,QWHUDNWLRQHQ HUUHLFKW ZLUG ZHOFKH IU GLH %DODQFH ]ZLVFKHQ 6WDELOLWlW XQG
)OH[LELOLWlWYRQPHVRSKLOHQ3URWHLQHQVRUJHQ-DHQLFNH-DHQLFNH	%|KP
 )DOWXQJYRQ3URWHLQHQ6WDELOLWlWXQG/|VOLFKNHLW
'LH QDWLYH .RQIRUPDWLRQ HLQHV 3URWHLQV LVW XQWHU SK\VLRORJLVFKHQ %HGLQJXQJHQ QXU
JHULQJIJLJ VWDELOHU DOV GLH HQWIDOWHWH LQDNWLYH .RQIRUPDWLRQ HWZD  N-PRO9RHW HW DO
 (LQ0D IU GLH 6WDELOLWlW GHU JHIDOWHWHQ .RQIRUPDWLRQ LVW GLH bQGHUXQJ GHU IUHLHQ
(QHUJLHD*818XQIROGHG1QDWLYHGHU5HDNWLRQ
(QWIDOWHWHGHQDWXULHUWH.RQIRUPDWLRQ8JHIDOWHWHQDWLYH.RQIRUPDWLRQ1
D*81 D+817 D681D+bQGHUXQJGHU(QWKDOSLHD6bQGHUXQJGHU(QWURSLH
'DPLWVLFKHLQ3URWHLQVSRQWDQIDOWHWPXD*81QHJDWLY VHLQ'HQJU|WHQ$QWHLO DQGHQ
GHVWDELOLVLHUHQGHQ.UlIWHQ GHU (QWURSLH 61 LP QDWLYHQ =XVWDQG OLHIHUW GLH NRQIRUPDWLRQHOOH
(QWURSLH GD GDV 3URWHLQ QXU HLQH YRQ HWZD Q Q $Q]DKO GHU $PLQRVlXUHQ P|JOLFKHQ
)DOWXQJHQ HLQQLPPW 'LH Q )DOWXQJVP|JOLFKNHLWHQ VLQG HLQH JUREH $EVFKlW]XQJ ZHOFKH
YRQ /HYLQWKDO JHPDFKW ZXUGH /HYLQWKDO  (LQ 3URWHLQ PLW Q $PLQRVlXUHQ KDW
Q7RUVLRQVZLQNHOfXQGyYRQGHQHQMHGHUGUHLVWDELOH:HUWHHLQQHKPHQNDQQGDUDXVIROJW
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

Q Q 'LHVH %HUHFKQXQJ EH]LHKW QXU GLH YHUVFKLHGHQHQ .RQIRUPDWLRQHQ GHV
3URWHLQUFNJUDWHV PLW HLQ GLH P|JOLFKHQ 6WHOOXQJVLVRPHUH GHU 6HLWHQNHWWHQ ZHUGHQ QLFKW
EHUFNVLFKWLJW 'HU QHJDWLYH %HLWUDJ GHU NRQIRUPDWLRQHOOHQ (QWURSLH EHWUlJW HWZD  N-PRO
SUR$PLQRVlXUHUHVWDOVRN-IUHLQ3URWHLQPLW$PLQRVlXUHQ3DFH
'LH VWDELOLVLHUHQGHQ.UlIWH UHVXOWLHUHQ DXV:DVVHUVWRIIEUFNHQELQGXQJHQXQG YRU DOOHP DXV
K\GURSKREHQ :HFKVHOZLUNXQJHQ 3URWHLQH HQWKDOWHQ YLHOH $PLQRVlXUHQ PLW K\GURSKREHQ
6HLWHQNHWWHQ ,Q GHU QDWLYHQ .RQIRUPDWLRQ EHILQGHW VLFK GHU *URWHLO GHU K\GURSKREHQ
$PLQRVlXUHQ LP ,QQHUHQ GHV 3URWHLQV  DEJHVFKLUPW YRQ GHU ZlULJHQ 8PJHEXQJ ,P
XQJHIDOWHWHQ=XVWDQGKLQJHJHQVLQGVLHLQ.RQWDNWPLWSRODUHQ:DVVHUPROHNOHQGLHVLFKXP
GLH K\GURSKREH *UXSSH UlXPOLFK IHVW DQRUGQHQ 'DPLW ZLUG GLH %HZHJOLFKNHLW GLHVHU
:DVVHUPROHNOH HLQJHVFKUlQNW LKUH )UHLVHW]XQJ EHL GHU )DOWXQJ GHV 3URWHLQV OLHIHUW HLQHQ
SRVLWLYHQ$QWHLO]XU(QWURSLH61GHVJHIDOWHWHQ6\VWHPV'LHVHUK\GURSKREH(IIHNWZLHJWGHQ
QHJDWLYHQ%HLWUDJGHUNRQIRUPDWLRQHOOHQ(QWURSLHDXIXQGWUlJW]XHLQHPHUKHEOLFKHQ7HLO]XU
)DOWXQJGHV3URWHLQVEHL
:DVVHUVWRIIEUFNHQELQGXQJHQKDEHQPLWLQVJHVDPWHWZDN-PROHLQHQGHXWOLFKJHULQJHUHQ
$QWHLO DQ GHU 3URWHLQVWDELOLWlW GD LP HQWIDOWHWHQ =XVWDQG HEHQIDOOV :DVVHUVWRIIEUFNHQ
ELQGXQJHQ ]X :DVVHUPROHNOHQ DXVJHELOGHW ZHUGHQ $OOHUGLQJV VLQG VLH DXVVFKODJJHEHQG
GDIUZHOFKHGHUP|JOLFKHQ.RQIRUPDWLRQHQHLQHV3URWHLQVGLHQDWLYH)DOWXQJGDUVWHOOW
'LH HOHNWURVWDWLVFKHQ :HFKVHOZLUNXQJHQ HLQHV ,RQHQSDDUHV HLQHU 6DO]EUFNH ]ZLVFKHQ
HQWJHJHQJHVHW]W JHODGHQHQ 6HLWHQNHWWHQ HLQHV 3URWHLQV ZLH ]XP %HLVSLHO *OXWDPDW XQG
$UJLQLQVWHXHUQQXUHLQHQNOHLQHQ(QHUJLHWHUP]XU6WDELOLVLHUXQJGHUQDWLYHQ.RQIRUPDWLRQ
EHL HWZD N-PRO ZHQQ VLFK GDV ,RQHQSDDU DQ GHU 2EHUIOlFKH GHV0ROHNOV EHILQGHW
'XUFK GLH HOHNWURVWDWLVFKH :HFKVHOZLUNXQJ ZLUG GLH )OH[LELOLWlW GHU 6HLWHQNHWWHQ DQ GHU
2EHUIOlFKHGHV3URWHLQVVWDUNHLQJHHQJWXQGOLHIHUWGDGXUFKHLQHQQHJDWLYHQ(QWURSLHEHLWUDJ
%HL6DO]EUFNHQ LQQHUKDOE GHV3URWHLQV HQWIlOOW GLHVHU GHVWDELOLVLHUHQGH$QWHLO XQG GHVKDOE
WUDJHQ6DO]EUFNHQLP,QQHUQGHV3URWHLQVHWZDN-PRO]XU6WDELOLVLHUXQJEHL
'LH QHJDWLYHQ (QWURSLHHIIHNWH XQG GLH SRVLWLYHQ %HLWUlJH GHU K\GURSKREHQ :HFKVHO
ZLUNXQJHQ LP=XVDPPHQVSLHOPLW GHQ:DVVHUVWRIIEUFNHQELQGXQJHQ XQG GHQ ,RQHQSDDUHQ
HUJHEHQIUGLHbQGHUXQJGHUIUHLHQ(QHUJLHHLQHV3URWHLQVEHLGHU)DOWXQJHLQHQ%HWUDJYRQ
HWZD N-PRO XQWHU SK\VLRORJLVFKHQ %HGLQJXQJHQ 'LHV HQWVSULFKW GHU (QHUJLH YRQ QXU
HLQLJHQ ZHQLJHQ :DVVHUVWRIIEUFNHQELQGXQJHQ RGHU ,RQHQSDDUHQ -H VWlUNHU GLH
VWDELOLVLHUHQGHQ.UlIWH LPQDWLYHQ=XVWDQG VLQG GHVWR VWDUUHU LVW HLQ 3URWHLQ'D DEHU YLHOH
(Q]\PHLKUH)XQNWLRQHUVWGXUFK.RQIRUPDWLRQVlQGHUXQJHQDXVEHQN|QQHQLVWHLQHJHZLVVH
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

)OH[LELOLWlW GHU 5HVWH XQG GHV $PLQRVlXUHUFNJUDWHV HUIRUGHUOLFK 'HU JHULQJH :HUW IU
D*81OlWVLFKDOVRGDGXUFKHUNOlUHQGDVVHLQH%DODQFH]ZLVFKHQGHU6WDELOLWlWGHV3URWHLQV
XQGVHLQHU)OH[LELOLWlWJHVFKDIIHQZHUGHQPX
7HPSHUDWXU 'UXFN S+:HUW XQG ,RQHQVWlUNH GHU /|VXQJ QHKPHQ (LQIOX DXI GLH REHQ
EHVFKULHEHQHQ.UlIWHXQG(QHUJLHQ(LQHbQGHUXQJGLHVHU3DUDPHWHUNDQQEHZLUNHQGDVVGLH
QDWLYH .RQIRUPDWLRQ HLQHV 3URWHLQV GHVWDELOLVLHUW ZLUG XQG HLQH (QWIDOWXQJ GHV 3URWHLQV
HUIROJW 6RPLW OLHJHQ 3URWHLQH LPPHU QXU LQ HLQHP HQJHQ 3DUDPHWHUEHUHLFK NRUUHNW JHIDOWHW
YRU
9LHOHGHQDWXULHUWH3URWHLQHIDOWHQVLFKXQWHUSK\VLRORJLVFKHQ%HGLQJXQJHQÄLQYLWUR³VSRQWDQ
LQ LKUH QDWLYH .RQIRUPDWLRQ ]XUFN %HUHFKQXQJHQ GLH DXI &\UXV /HYLQWKDO ]XUFNJHKHQ
KDEHQ HUJHEHQ GDVV GLH )DOWXQJ QLFKW ]XIlOOLJ SDVVLHUHQ NDQQ LQGHP HLQ 3URWHLQ ZDKOORV
YHUVFKLHGHQH .RQIRUPDWLRQHQ HLQQLPPW (LQ 3URWHLQ PLW Q $PLQRVlXUHQ KDW FD Q
)DOWXQJVP|JOLFKNHLWHQHLQH8PRULHQWLHUXQJZUGHPLQGHVWHQV6HNXQGHQ LQ$QVSUXFK
QHKPHQ /HYLQWKDO  'DUDXV IROJW GDVV HV W Q 6HNXQGHQ GDXHUQ ZUGH DOOH
.RQIRUPDWLRQHQ]XGXUFKODXIHQ%HLHLQHPNOHLQHQ3URWHLQPLW$PLQRVlXUHQHQWVSULFKW
GLHVHLQHU=HLWYRQ6HNXQGHQ'LHVH=HLWVSDQQHEHUVFKUHLWHWEHLZHLWHPGDVGHU]HLWLJH
$OWHU GHV8QLYHUVXPV  6HNXQGHQ@ 0LOOLDUGHQ -DKUH'LHVH %HUHFKQXQJ LVW DOV
Ä/HYLQWKDO3DUDGR[RQ³EHNDQQW
%LVKHULJH8QWHUVXFKXQJHQKDEHQJH]HLJWGDVVEHVWLPPWHK\GURSKREH%HUHLFKHHLQHV3URWHLQV
LQQHUKDOE YRQ ZHQLJHQ 0LOOLVHNXQGHQ HLQH GHILQLHUWH 6HNXQGlUVWUXNWXU HLQQHKPHQ PROWHQ
JOREXOHVWDWHEHYRUVLFKGLH7HUWLlUVWUXNWXUHLQHV3URWHLQVGDQQLP/DXIHYRQ0LOOLVHNXQGHQ
ELVKLQ]XHLQLJHQ0LQXWHQDXVELOGHW)U\GPDQHWDO
Ä,QYLYR³ IDOWHQ VLFKGHU3URWHLQH VSRQWDQ(V JLEW DEHU ]XVlW]OLFK3URWHLQH GHQHQ GLH
$XIJDEH YRQ )DOWXQJVKHOIHUQ ]XJHVFKULHEHQZLUG GLH &KDSHURQH 8QJHIDOWHQH 3URWHLQH LP
&\WRVROZHUGHQYRQLKQHQHUNDQQWJHEXQGHQXQGEHLGHU)DOWXQJXQWHUVWW]W&KDSHURQHVLQG
DXIGHUHLQHQ6HLWHYRUDOOHPDQGHU)DOWXQJJURHU3URWHLQHEHWHLOLJW$XIGHUDQGHUHQ6HLWH
VLQG VLH LQVEHVRQGHUH GDQQ QRWZHQGLJ ZHQQ LP &\WRVRO HLQH $QVDPPOXQJ GHQDWXULHUWHU
0ROHNOHDXIWULWW'LHVLVW]XP%HLVSLHOQDFKHLQHP+LW]HVFKRFNGHU)DOO'D&KDSHURQHXQWHU
GLHVHQ %HGLQJXQJHQ YHUVWlUNW H[SULPLHUW ZHUGHQ ZXUGHQ VLH EHL LKUHU (QWGHFNXQJ DOV
+LW]HVFKRFNSURWHLQHEH]HLFKQHW+HDW6KRFN3URWHLQ±+VS'LH&KDSHURQHZHUGHQLQ]ZHL
.ODVVHQXQWHUWHLOW%HLGHQ+VSVKDQGHOWHVVLFKXPN'DVFKZHUH3URWHLQHGLHVLFKXQWHU
$73 +\GURO\VH DQ K\GURSKREH 3HSWLGVHJPHQWH HLQHV 3URWHLQV DQODJHUQ 1HW]HU 	 +DUWO
)U\GPDQ	+DUWO'DGXUFKZLUGHLQHQLFKWQDWLYH)DOWXQJYHUPLHGHQGLH]XU
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$JJUHJDWLRQIKUHQZUGH1HEHQGHQ+VSVVLQGGLH&KDSHURQLQHEHNDQQWEHLGHQHQHVVLFK
XPJURH]\OLQGULVFKH.RPSOH[HKDQGHOW'DV&KDSHURQLQ*UR(/DXV(FROL]%VHW]WVLFK
DXV]ZHLEHUHLQDQGHUOLHJHQGHQ5LQJHQ]XVDPPHQGLHMHZHLOVDXVQHXQN'DVFKZHUHQ
0RQRPHUHQJHELOGHWZHUGHQ,P,QQHUHQGHVÄ'RQXJKW³lKQOLFKHQ*HELOGHVNDQQGLH)DOWXQJ
JU|HUHU 3URWHLQH DEJHVFKLUPW YRQ :HFKVHOZLUNXQJ PLW DQGHUHQ F\WRVROLVFKHQ 3URWHLQHQ
VWDWWILQGHQ
'DPLW HLQ O|VOLFKHV 3URWHLQ VHLQH )XQNWLRQ HUIOOHQ NDQQ PX HV QLFKW QXU GLH NRUUHNWH
GUHLGLPHQVLRQDOH 6WUXNWXU DXVELOGHQ VRQGHUQ DXFK O|VOLFK VHLQ :HQQ GLH ,RQHQVWlUNH GHU
/|VXQJ]XQLPPWNRQNXUULHUHQGLHK\GURSKREHQ6HLWHQNHWWHQGHV3URWHLQVPLWGHQ,RQHQXP
GLH :DVVHUPROHNOH GLH K\GURSKREHQ .UlIWH ZHUGHQ JU|HU 'LHV NDQQ ]XU %LOGXQJ
XQO|VOLFKHU$JJUHJDWHIKUHQGLHHLQH)XQNWLRQGHV3URWHLQVYHUKLQGHUQ
 +DORSKLOLH
'LHPHLVWHQ2UJDQLVPHQVLQGLQ/|VXQJHQKRKHU6DO]NRQ]HQWUDWLRQQLFKWOHEHQVIlKLJGDLKU
&\WRVRO HLQH JHULQJHUH ,RQHQVWlUNH EHVLW]W XQG GXUFK GHQ RVPRWLVFKHQ 'UXFN GLH =HOOHQ
HQWZlVVHUWZHUGHQ
8P GDV -DKU  ZXUGH IHVWJHVWHOOW GDVV GLH U|WOLFKH )lUEXQJ YRQ LQ 6DO] HLQJHOHJWHQ
)LVFKHQ/HGHUXQG(LQJHZHLGHQYRQ%DNWHULHQVWDPPW/DUVHQ%LVKHUZDUQLFKWIU
P|JOLFK JHKDOWHQ ZRUGHQ GDVV XQWHU VROFKHQ %HGLQJXQJHQ 2UJDQLVPHQ ZDFKVHQ N|QQHQ
6HLWGHP ZXUGH DEHU HLQH 9LHO]DKO GLHVHU DXHUJHZ|KQOLFKHQ 0LNURRUJDQLVPHQ LP 7RWHQ
0HHUGHP*UHDW6DOW/DNHXQGEHUDOOGRUWZRVLFK6DO]DEODJHUXQJHQEHILQGHQLGHQWLIL]LHUW
+DORSKLOH 2UJDQLVPHQ N|QQHQ QXU LQ JHVlWWLJWHQ 6DO]O|VXQJHQ OHEHQ $OV ÄKDORWROHUDQW³
KLQJHJHQZHUGHQ2UJDQLVPHQ EH]HLFKQHW GLH XQWHU 1LHGULJVDO]EHGLQJXQJHQ ZDFKVHQ DEHU
DXFK LQ *HJHQZDUW KRKHU 6DO]NRQ]HQWUDWLRQHQ OHEHQVIlKLJ VLQG 'DV KDORSKLOH $UFKDH
EDNWHULXP+DOREDFWHULXP VDOLQDUXP + VDOLQDUXP ] % ZlFKVW RSWLPDO EHL 01D&O
HQWVSULFKWJOZlKUHQGEHL6DO]NRQ]HQWUDWLRQHQNOHLQHU01D&ONHLQ:DFKVWXPGHU
=HOOHQIHVWJHVWHOOWZHUGHQNRQQWH*LQ]EXUJHWDO'DV&\WRVROYRQ+VDOLQDUXPZHLVW
KRKH.RQ]HQWUDWLRQHQDQ.&OHWZD0XQGDXFK1D&OHWZD0DXIZDVEHGHXWHWGDVV
VlPWOLFKH=HOOEHVWDQGWHLOHLQ+RFKVDO]O|VXQJDNWLYVHLQPVVHQ&KULVWLDQ	:DOWKR
3URWHLQHPHVRSKLOHU2UJDQLVPHQVLQGXQWHUGHUDUWLJHQ%HGLQJXQJHQQLFKW IXQNWLRQVIlKLJGD
VLH DJJUHJLHUHQ XQG DXV GHU /|VXQJ DXVIDOOHQ +DORWROHUDQWH 3URWHLQH OLHJHQ VRZRKO XQWHU
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

+RFKVDO] DOV DXFK XQWHU 1LHGULJVDO]EHGLQJXQJHQ LQ LKUHU QDWLYHQ .RQIRUPDWLRQ YRU ,KUH
6WDELOLWlWQLPPWDEHUQLFKWPLWVWHLJHQGHU6DO]NRQ]HQWUDWLRQ]X
'DJHJHQ HQWIDOWHQ YLHOH KDORSKLOH 3URWHLQH EHL QLHGULJHQ 6DO]NRQ]HQWUDWLRQHQ (UVWH
+LQZHLVHZRUDXIGLH$QSDVVXQJDQGLHKRKHQ6DO]NRQ]HQWUDWLRQHQ]XUFN]XIKUHQ LVWJLEW
GLH$PLQRVlXUH]XVDPPHQVHW]XQJKDORSKLOHU3URWHLQHLP9HUJOHLFK]XPHVRSKLOHQ3URWHLQHQ
V$EELOGXQJ
$EELOGXQJ'LH$QJDEHQ ]X GHU$PLQRVlXUHYHUWHLOXQJ YRQPHVRSKLOHQ3URWHLQHQ VWDPPHQ DXV GHP9RHW
9RHW 3UDWW Ä)XQGDPHQWDOV RI %LRFKHPLVWU\³ 'HU $QWHLO GHU YHUVFKLHGHQHQ $PLQRVlXUHQ DQ KDORSKLOHQ
3URWHLQHQZXUGHYRQ)3IHLIIHUXQG-:ROIHUW] LP=XVDPPHQKDQJPLWGHP*HQRPSURMHNWYRQ'2HVWHUKHOW
]XU(QWVFKOVVHOXQJ GHV*HQRPV YRQ+VDOLQDUXP EHUHFKQHW =X GLHVHP=ZHFNZXUGH EHU HLQHQ'DWHQVDW]
YRQHWZDGHUZDKUVFKHLQOLFKVWHQ3URWHLQHYRQ+VDOLQDUXPJHPLWWHOW
 
$XIIlOOLJLVWGHUGHXWOLFKK|KHUH$QWHLODQ$PLQRVlXUHQPLWQHJDWLYJHODGHQHQ6HLWHQNHWWHQ
*OXWDPDW XQG $VSDUWDW LQ KDORSKLOHQ 3URWHLQHQ LP 9HUJOHLFK ]X LKUHP 9RUNRPPHQ LQ
PHVRSKLOHQ 3URWHLQHQ 'DEHL LVW DQ]XPHUNHQ GDVV EHYRU]XJW $VSDUWDW XQG QLFKW *OXWDPDW
HLQJHEDXWZLUG+DORSKLOH3URWHLQHHQWKDOWHQZHQLJHUSRVLWLYJHODGHQH$PLQRVlXUHQ'DVLVW
YRUDOOHPDXIGHQJHULQJHQ$QWHLODQ/\VLQUHVWHQ]XUFN]XIKUHQ$UJLQLQUHVWHVLQGKLQJHJHQ
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+DORSKLOH3URWHLQH
0HVRSKLOH3URWHLQH
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

LQKDORSKLOHQ3URWHLQHQKlXILJHUYHUWUHWHQDOVLQGHQHQWVSUHFKHQGHQPHVRSKLOHQ>VLHKHDXFK
0DGHUQ HW DO  %ULWWRQ HW DO @ 'LH $UJLQLQVHLWHQNHWWH LVW KlXILJ DQ GHU
$XVELOGXQJ YRQ 6DO]EUFNHQ LP ,QQHUHQ HLQHV 3URWHLQV EHWHLOLJW XQG WUlJW VRPLW ]X VHLQHU
6WDELOLVLHUXQJ EHL $QVWHOOH VWHULVFK DQVSUXFKVYROOHU K\GURSKREHU $PLQRVlXUHQ ZLH
7U\SWRSKDQ 7\URVLQ XQG 3KHQ\ODODQLQ ZHUGHQ LQ KDORSKLOHQ 3URWHLQHQ LP 9HUJOHLFK ]X
PHVRSKLOHQ YHUVWlUNW $PLQRVlXUHQPLW NOHLQHQ K\GURSKREHQ 5HVWHQ ZLH 9DOLQ XQG $ODQLQ
JHIXQGHQ
'LH%HUHFKQXQJGHU2EHUIOlFKHQODGXQJKDORSKLOHU 3URWHLQH GHUHQ6WUXNWXUHQ DXIJUXQGYRQ
+RPRORJLHEHWUDFKWXQJHQ YRQ (VVHQ XQYHU|IIHQWOLFKW PRGHOOLHUW ZXUGHQ HUJDE GDVV GLH
QHJDWLYH 2EHUIOlFKHQODGXQJ GLHVHU 3URWHLQH GHXWOLFK JU|HU LVW DOV EHL GHQ PHVRSKLOHQ
$QDORJD &DUER[\OJUXSSHQ ]HLJHQ PLW ELV ]X VHFKV :DVVHUPROHNOHQ HLQH VWlUNHUH
+\GUDWLVLHUXQJ DOV GLH$PLQRIXQNWLRQ GHU /\VLQUHVWH GLH QXU ]ZHL:DVVHUPROHNOH ELQGHW
.XQW]'LHVN|QQWHHLQHEHVVHUH/|VOLFKNHLWLQ+RFKVDO]]XU)ROJHKDEHQZHQQGDV
3URWHLQPLWGHQ,RQHQLQGHU/|VXQJXPGLHYRUKDQGHQHQ:DVVHUPROHNOHNRQNXUULHUHQPX
+DORSKLOH3URWHLQHZHLVHQHLQHJU|HUH+\GUDWKOOHDXIDOV LKUHPHVRSKLOHQ$QDORJD (EHO
)DRXHWDO(LVHQEHUJHWDO
:HLWHUKLQ ZXUGH EHL GHQ ELVKHU EHNDQQWHQ .ULVWDOOVWUXNWXUHQ XQG 0RGHOOHQ KDORSKLOHU
3URWHLQHIHVWJHVWHOOWGDVVVLFKGLHQHJDWLYJHODGHQHQ6HLWHQNHWWHQIDVWDXVVFKOLHOLFKDXIGHU
2EHUIOlFKHGHV0ROHNOVEHILQGHQXQGLQ&OXVWHUQDQJHRUGQHWVLQGGLHWHLOZHLVHK\GUDWLVLHUWH
.DOLXPLRQHQELQGHQ5LFKDUGHWDO%ULWWRQHWDO-ROOH\HWDO)URORZ
HW DO  3LHSHU HW DO  ,QPHVRSKLOHQ 3URWHLQHQZXUGH ELVKHU QLFKW EHREDFKWHW
GDVV.DWLRQHQDXVGHU/|VXQJLQGLH.ULVWDOOK\GUDWKOOHHLQJHEDXWZHUGHQ(LQH6DO]ELQGXQJ
ILQGHWQXULPGHQDWXULHUWHQ=XVWDQGPLWEHVRQGHUHQ6DO]HQZLH]%*XDQLGLQLXPK\GURFKORULG
VWDWW(LVHQEHUJHWDO
(UVWH 5HFKQXQJHQ JHEHQ+LQZHLVH GDUDXI GDVV GLH HOHNWURVWDWLVFKH$EVWRXQJ GHU QHJDWLY
JHODGHQHQ 6HLWHQNHWWHQ GHU +DXSWJUXQG IU GLH (QWIDOWXQJ GHU KDORSKLOHQ 3URWHLQH EHL
JHULQJHUHQ6DO]NRQ]HQWUDWLRQHQLVW(OFRFN	0F&DPPRQ5DR	$UJRV'LH
$EVWRXQJ GHU *OXWDPDW XQG $VSDUWDWUHVWH ZLUNW EHL KRKHQ ,RQHQVWlUNHQ HLQHU
$JJORPHUDWLRQ GHU 3URWHLQH DXIJUXQG GHU VWHLJHQGHQ K\GURSKREHQ :HFKVHOZLUNXQJHQ
HQWJHJHQ :HLWHUKLQ ZLUG DQJHQRPPHQ GDVV GLH :HFKVHOZLUNXQJ PLW GHQ K\GUDWLVLHUWHQ
.DWLRQHQ HEHQIDOOV ]XU 6WDELOLVLHUXQJ GHV QDWLYHQ =XVWDQGHV EHLWUlJW (LVHQEHUJ 
0DGHUQHWDO0DGLJDQ	2UHQ
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

(LQLJH KDORSKLOH 3URWHLQH ZHLVHQ QHEHQ GHU $QKlXIXQJ QHJDWLYHU 5HVWH DQ GHU 2EHUIOlFKH
QRFK HLQH ZHLWHUH %HVRQGHUKHLW DXI ZHQQ PDQ VLH PLW LKUHQ 3HQGDQWV DXV PHVRSKLOHQ
2UJDQLVPHQYHUJOHLFKW'LH$PLQRVlXUHQLQGHU8PJHEXQJGHVDNWLYHQ=HQWUXPVVLQGVWDUN
NRQVHUYLHUW 6WLFKW	5|VFK'HU9HUJOHLFKGHU3ULPlUVHTXHQ]HQHUJLEW MHGRFKGDVV
KDORSKLOH 3URWHLQH ]XVlW]OLFKH $PLQRVlXUHQ HQWKDOWHQ GLH IU VLFK HLQH NOHLQH
6WUXNWXUGRPlQH DXVELOGHQ EHL GHQHQ GHU $QWHLO DQ $VSDUWDW XQG*OXWDPDW JU|HU  LVW
+LFNPDQQ 	 2HVWHUKHOW XQYHU|IIHQWOLFKW 'LHV OlW GLH JHGDQNOLFKH $XIWHLOXQJ GLHVHU
KDORSKLOHQ3URWHLQHLQ]ZHL7HLOH]XHLQNRQVHUYLHUWHVDNWLYHV=HQWUXPXQGHLQH'RPlQHGLH
IUGLH$QSDVVXQJDQGLHlXHUHQ%HGLQJXQJHQXQGVRPLWIUGLH6WDELOLVLHUXQJGHV3URWHLQV
YHUDQWZRUWOLFKLVW
=XGHQELVKHUDPEHVWHQXQWHUVXFKWHQKDORSKLOHQ3URWHLQHQJHK|UHQGLH0DODW'HK\GURJHQDVH
DXV+ PDULVPRUWXL +P0'+ VRZLH GHU (ORQJDWLRQVIDNWRU ()7X +P()7X DXV GHP
VHOEHQ2UJDQLVPXV%RQQHWHHWDO%RQQHWHHWDO'\PHWDO0DGHUQ
HWDO 0DGHUQ	=DFFDL'LH6WDELOLWlWGHU+P0'+ZXUGH LQ$EKlQJLJNHLW
YRQYHUVFKLHGHQHQ,RQHQPLW+LOIHXQWHUVFKLHGOLFKHU7HFKQLNHQEHVWLPPW(EHOHWDOD
'DEHL ZXUGH IHVWJHVWHOOW GDVV GDV 9HUKDOWHQ KDORSKLOHU 3URWHLQH QLFKW QXU YRQ GHU
DOOJHPHLQHQ6DO]NRQ]HQWUDWLRQVRQGHUQDXFKYRQGHU$UWGHU ,RQHQ LQGHU/|VXQJDEKlQJW
:DFKVHQGH .RQ]HQWUDWLRQHQ GHU IU +DOREDNWHULHQ SK\VLRORJLVFKHQ 6DO]H 1DWULXP XQG
.DOLXPFKORULG IKUHQ ]X HLQHU ]XQHKPHQGHQ 6WDELOLVLHUXQJ GHU +P0'+ ,Q
0DJQHVLXPFKORULGO|VXQJKLQJHJHQLVWGLH6WDELOLWlWGHU+P0'+VFKRQEHL0PD[LPDO
REHUKDOEYRQ00J&OGHQDWXULHUWGDV(Q]\P
(VZXUGHHEHQIDOOV JH]HLJWGDVVQLFKWQXUGHU$QWHLOGHUQHJDWLYHQ5HVWH HLQH5ROOH VSLHOW
VRQGHUQDXFKGHUHQ UlXPOLFKH$QRUGQXQJDXIGHU2EHUIOlFKHGHV3URWHLQVHQWVFKHLGHQG LVW
'LH 3XQNWPXWDWLRQ (5 EHL GHU +P0'+ EHZLUNWH HQWJHJHQ GHU (UZDUWXQJ HLQH
9HUVWlUNXQJ GHV KDORSKLOHQ 9HUKDOWHQV GDV KHLW GDVV GLHVH 0XWDQWH K|KHUH
6DO]NRQ]HQWUDWLRQHQEHQ|WLJWHXPDNWLY]XVHLQ
0LWGHQ8QWHUVXFKXQJHQGHU6WDELOLWlWYRQ+P()7XLQ/|VXQJHQYHUVFKLHGHQHU ,RQHQDUWHQ
XQG NRQ]HQWUDWLRQHQ NRQQWHQ GLH (UJHEQLVVH IU +P0'+ EHVWlWLJW XQG DXI GLH
7HUWLlUVWUXNWXUGHV3URWHLQV]XUFNJHIKUWZHUGHQ'LH+P0'+OLHJW LQLKUHUDNWLYHQ)RUP
DOV7HWUDPHUYRUZlKUHQG+P()7XDOV0RQRPHULQ/|VXQJH[LVWLHUW(EHOHWDO
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 )HUUHGR[LQ
)HUUHGR[LQH VLQG 3URWHLQH GLH LQ LKUHP DNWLYHQ =HQWUXP HLQ RGHU PHKUHUH QLFKW+lP
(LVHQDWRPHEHVLW]HQ6WLFKW	5|VFK,QMHGHPELVKHUXQWHUVXFKWHQ2UJDQLVPXVYRQ
GHQ $UFKDHD EHU %DNWHULHQ XQG 3IODQ]HQ ELV KLQ ]X 9HUWHEUDWHQ ZXUGHQ )HUUHGR[LQH
LGHQWLIL]LHUW 'HVKDOE JHKW PDQ GDYRQ DXV GDVV GLHVH 3URWHLQH VHKU IUK LQ GHU (YROXWLRQ
DXIWUDWHQ
0DQ XQWHUVFKHLGHW 5XEUHGR[LQH GLH QXU HLQ (LVHQDWRP EHU YLHU &\VWHLQUHVWH JHEXQGHQ
KDEHQYRQ)HUUHGR[LQHQGHUHQDNWLYHV=HQWUXPDXVHLQHP(LVHQ6FKZHIHO&OXVWHUEHVWHKW
)H6XQG)H6&OXVWHU WUHWHQ DPKlXILJVWHQ DXI DEHU HV JLEW DXFK)H6&OXVWHUXQG
VROFKH PLW HLQHU JU|HUHQ $Q]DKO DQ (LVHQDWRPHQ XQG DQRUJDQLVFKHP 6FKZHIHO 'DEHL
ZHUGHQ GLH (LVHQ6FKZHIHO&OXVWHU EHU NRRUGLQLHUHQGH &\VWHLQJUXSSHQ LQ GDV 3URWHLQ
HLQJHEDXWV$EELOGXQJ)LQGHWHLQH(QWIDOWXQJGHV3URWHLQVVWDWWLVWHLQH.RRUGLQDWLRQGHV
&OXVWHUVQLFKWPHKUP|JOLFKXQGGHU(LVHQ6FKZHIHO&OXVWHU]HUIlOOWLQVHLQH%HVWDQGWHLOH
$EELOGXQJ(LVHQ6FKZHIHO&OXVWHUXQWHUVFKLHGOLFKHU=XVDPPHQVHW]XQJ
5XEUHGR[LQ )H6&OXVWHU
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)H6&OXVWHU
)HUUHGR[LQH GLHQHQ EHL GHU.DWDO\VH XQWHUVFKLHGOLFKVWHU5HGR[UHDNWLRQHQ LQ DQDHUREHQ XQG
DHUREHQ 2UJDQLVPHQ DOV (OHNWURQHQWUDQVSRUWSURWHLQH 6LH VLQG EHWHLOLJW DQ GHU
6WLFNVWRIIL[LHUXQJ GHU R[LGDWLYHQ 3KRVSKRU\OLHUXQJ GHP+0HWDEROLVPXV GHU 'HK\GUDWL
VLHUXQJGHUPLWRFKRQGULDOHQ+\GUR[\OLHUXQJXQGYLHOHQDQGHUHQ5HGR[UHDNWLRQHQ
%HLP5XEUHGR[LQlQGHUWVLFKGHU5HGR[]XVWDQGGHV3URWHLQVGXUFKGLH5HGXNWLRQGHV)H]X
)H )HUUHGR[LQ PLW HLQHP )H6 &OXVWHU HQWKlOW LP R[LGLHUWHQ =XVWDQG ]ZHL
DQWLIHUURPDJQHWLVFKJHNRSSHOWHKLJKVSLQ)HZlKUHQGLQGHUUHGX]LHUWHQ)RUPHLQ)HXQG
HLQ)H YRUOLHJHQ6RPLW VLQGGLHVH3URWHLQH LQGHU /DJH H(OHNWURQHQEHUWUDJXQJHQ ]X
NDWDO\VLHUHQ
6RJHQDQQWH 3IODQ]HQW\SIHUUHGR[LQH PLW HLQHP )H6 &OXVWHU GLHQHQ LQ JUQHQ 3IODQ]HQ
$OJHQ XQG &\DQREDNWHULHQ DOV (OHNWURQHQDN]HSWRU GHV 3KRWRV\VWHPV , LQ GHU R[\JHQHQ
3KRWRV\QWKHVH'DVUHGX]LHUWH)HUUHGR[LQEHUWUlJWDQVFKOLHHQGHLQ(OHNWURQDXIGHQ)$'
&RIDNWRU GHU )G[1$'35HGXNWDVH )15 GLH 1$'3 ]X 1$'3+ UHGX]LHUW 'DV
5HGR[SRWHQ]LDOYRQ3IODQ]HQW\SIHUUHGR[LQHQEHWUlJWHWZDP9
$XVGHQ+DOREDNWHULHQ+VDOLQDUXPXQG+PDULVPRUWXLZXUGHQ)HUUHGR[LQHLVROLHUWGLHGHQ
3IODQ]HQW\SIHUUHGR[LQHQ LQ LKUHQ VWUXNWXUHOOHQ XQG VSHNWURVNRSLVFKHQ (LJHQVFKDIWHQ VHKU
lKQOLFK VLQG DEHU NHLQH 5ROOH EHL GHU 3KRWRV\QWKHVH VSLHOHQ =X GHQ 9HUWHEUDWHQ
)HUUHGR[LQHQ EHVLW]HQ VLH KLQJHJHQ NHLQH VLJQLILNDQWHQ +RPRORJLHQ 'DV IKUWH ]X GHU
9HUPXWXQJGDVVGLHbKQOLFKNHLWYRQKDORSKLOHQ)H6)HUUHGR[LQHQXQG3IODQ]HQW\SIHUUH
GR[LQHQDXIHLQHQODWHUDOHQ*HQWUDQVIHU]XUFN]XIKUHQLVW3IHLIHUHWDO
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
.HUVFKHU XQG 2HVWHUKHOW LVROLHUWHQ  HLQ )H6 )HUUHGR[LQ DXV+ VDOLQDUXP +V)G[
+DVHHWDO.HUVFKHUHWDO'LHVHV3URWHLQPLWHLQHP0ROHNXODUJHZLFKWYRQ
N'D HQWKlOW PLW  $PLQRVlXUHQ HWZD  $PLQRVlXUHQ PHKU DOV )HUUHGR[LQH DXV
%ODXDOJHQ XQG 3IODQ]HQ GHUHQ )HUUHGR[LQH DXV  $PLQRVlXUHQ EHVWHKHQ 'LH
$EVRUSWLRQVPD[LPD LPVLFKWEDUHQ%HUHLFKEHLQPQPXQGQPVLQGPLWGHQHQ
YRQ3IODQ]HQW\SIHUUHGR[LQHQYHUJOHLFKEDUZlKUHQGGDV5HGR[SRWHQWLDOPLWP9ZHQLJHU
QHJDWLYLVW
'LH6HTXHQ]KRPRORJLHQ]ZLVFKHQGHQYHUVFKLHGHQHQ)HUUHGR[LQHQOLHJHQEHLHWZD
GLH6HTXHQ]LGHQWLWlWEHWUlJW]ZLVFKHQ3IHLIHUHWDOV$EELOGXQJ ,P1
WHUPLQDOHQ%HUHLFKEHVLW]WGDVKDORSKLOH)HUUHGR[LQHLQH ,QVHUWLRQYRQ5HVWHQZREHL
GLHVHU $PLQRVlXUHQ *OXWDPDW XQG $VSDUWDW VLQG 'D GHU hEHUVFKX DQ QHJDWLYHQ 5HVWHQ
FKDUDNWHULVWLVFKIUKDORSKLOH3URWHLQHLVW OLHJWGLH9HUPXWXQJQDKHGDVVGLHVH1WHUPLQDOH
5HJLRQGLH$QSDVVXQJGHV+V)G[DQGDV/HEHQLQNRQ]HQWULHUWHQ6DO]O|VXQJHQHUP|JOLFKW
$EELOGXQJ'HUIROJHQGH6HTXHQ]YHUJOHLFKZXUGHPLWGHP3URJUDPP&OXVWDO:HUVWHOOW'LH$PLQRVlXUHQ
GLHLQGUHLRGHUPHKU6HTXHQ]HQLGHQWLVFKVLQGZXUGHQURWKLQWHUOHJW*UDXKLQWHUOHJWZXUGHQGLH$PLQRVlXUHQ
GLHLQGUHLRGHUPHKU6HTXHQ]HQlKQOLFKVLQG(TXLVHWXPDUYHQVHJHK|UW]XGHU)DPLOLHGHU6FKDFKWHOKDOPH
 ZXUGH YRQ :HUEHU XQG 0HYDUHFK HLQ )HUUHGR[LQ DXV + PDULVPRUWXL DXIJHUHLQLJW
+P)G[ :HUEHU 	 0HYDUHFK E 'LH EHLGHQ KDORSKLOHQ )HUUHGR[LQH +P)G[ XQG
+V)G[ EHVLW]HQ HLQH 6HTXHQ]KRPRORJLH YRQ EHU  GLH $EVRUSWLRQVPD[LPD XQG GDV
5HGR[SRWHQWLDOVLQGHEHQIDOOVQDKH]XLGHQWLVFK
JHODQJ)URORZHWDOGLH$XINOlUXQJGHU.ULVWDOOVWUXNWXUYRQ+PDULVPRUWXL)HUUHGR[LQ
PLWHLQHU$XIO|VXQJYRQc)URORZHWDO'HUK\GURSKREH.HUQGHV+P)G[ZLUG
     
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(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

DXVHLQHPJHPLVFKWHQYLHUVWUlQJLJHQb)DOWEODWWJHELOGHWGDVYRQHLQHU+HOL[IODQNLHUWZLUG
'LH6WUlQJHbXQGbYHUODXIHQDQWLSDUDOOHO XQGZHUGHQGXUFK]ZHL DPSKLSDWLVFKH+HOLFHV
YHUEXQGHQ GLH HLQH ([WUD'RPlQH DXVELOGHQ ,Q 3IODQ]HQW\SIHUUHGR[LQHQ EHILQGHW VLFK
DQVWHOOHGLHVHU1WHUPLQDOHQ,QVHUWLRQHLQ/RRS
(LQH hEHUODJHUXQJ GHU  HQWVSUHFKHQGHQ &a$WRPH GHV +P)G[ PLW GHP 3IDQ]HQW\S
IHUUHGR[LQ DXV$QDEDHQD OLHIHUW HLQHQ UPVG URRW PHDQ VTXDUH GHYLDWLRQ:HUW GHU EHLGHQ
6WUXNWXUHQ YRQ c 'LH HUK|KWH :DVVHUELQGXQJVNDSD]LWlW GHU QHJDWLYHQ 5HVWH GHV
KDORSKLOHQ3URWHLQVZXUGHDOV8UVDFKHIUGLH$QSDVVXQJDQ+RFKVDO]EHGLQJXQJHQSRVWXOLHUW
)URORZHWDO8QWHUGHQVHOEHQ.ULVWDOOLVDWLRQVEHGLQJXQJHQELQGHW/\VR]\PDOOHUGLQJV
HEHQVR YLHOH :DVVHUPROHNOH +P)G[ ]HLJW MHGRFK HLQH GHXWOLFKH (UK|KXQJ GHU
:DVVHUVWRIIEUFNHQELQGXQJHQ SUR :DVVHUPROHNO  VWDWW  :DVVHUVWRIIEUFNHQ
ELQGXQJHQSUR:DVVHUPROHNO'HU(LVHQ6FKZHIHO&OXVWHU GHV DNWLYHQ =HQWUXPV EHILQGHW
VLFK LQ HLQHP ODQJHQ /RRS6HJPHQW QDKH GHU 2EHUIOlFKH GHV 0ROHNOV LVW DEHU IU
:DVVHUPROHNOHXQ]XJlQJOLFK
'HP)HUUHGR[LQYRQ+PDULVPRUWXLZXUGH]XHUVWHLQH)XQNWLRQDOV(OHNWURQHQDN]HSWRUEHL
GHU 6WLFNVWRIIL[LHUXQJ ]XJHVFKULHEHQ :HUEHU 	 0HYDUHFK D )U +V)G[ KLQJHJHQ
ZXUGH VSlWHU QDFKJHZLHVHQ GDVV GDV KDORSKLOH )HUUHGR[LQ DOV (OHNWURQHQDN]HSWRU DQ GHU
'HFDUER[\OLHUXQJ YRQ a.HWRVlXUHQ EHWHLOLJW LVW .HUVFKHU 	 2HVWHUKHOW  ,Q GHQ
0LWRFKRQGULHQ XQG EHL YLHOHQ %DNWHULHQ HUIROJW GLHVH R[LGDWLYH 'HFDUER[\OLHUXQJ YRQ a
2[RVlXUHQZLH]%3\UXYDWPLW+LOIHHLQHV0XOWLHQ]\PNRPSOH[HV0'DZREHL1$'
DOV(OHNWURQHQDN]HSWRU IXQJLHUW+VDOLQDUXPQXW]W IUGLHVH5HDNWLRQHLQNOHLQHUHV(Q]\P
N'D GLH 2[RVlXUH)HUUHGR[LQ 2[LGRUHGXNWDVH (EHQVR ZLH LP 0XOWLHQ]\P
NRPSOH[HQWVWHKHQ$F\OWKLRHVWHUDXVGHQ2[RVlXUHQ
=ZDU LVW 7KLDPLQS\URSKRVSKDW 733 HEHQVR ZLH LP 0XOWLHQ]\PNRPSOH[ DOV .RIDNWRU
EHWHLOLJW DEHUGLH5HGR[UHDNWLRQZLUG QLFKW GXUFK/LSRQDPLG NDWDO\VLHUW 6WDWW GHVVHQ IROJW
DXIGLH'HFDUER[\OLHUXQJGHV+\GUR[\DON\O7KLDPLQ3\URSKRVSKDWVGHUHUVWHYRQ]ZHLH
(OHNWURQHQWUDQVIHUSUR]HVVHQ EHL GHQHQ MHZHLOV HLQ (OHNWURQ DXI GHQ )H6&OXVWHU GHU
2[RVlXUH)HUUHGR[LQ 2[LGRUHGXNWDVH EHUWUDJHQ ZLUG 'HU .RPSOH[ GHV (Q]\PVPLW GHP
5DGLNDOLVWVWDELOHEHQVRZLHGDVGXUFK+V)G[DQVFKOLHHQGUHR[LGLHUWH,QWHUPHGLDW(UVWGLH
hEHUWUDJXQJ GHU $F\OJUXSSH DXI GDV &RHQ]\P$ IKUW ]XU hEHUWUDJXQJ GHV UDGLNDOLVFKHQ
(OHNWURQVDXIGHQ)H6&OXVWHU
$XFK DQDHUREH %DNWHULHQ GLH )HUPHQWDWLRQ XQG 3KRWRV\QWKHVH EHWUHLEHQ EHVLW]HQ GLH
NOHLQHUH2[RVlXUH)HUUHGR[LQ2[LGRUHGXNWDVH .HUVFKHU HW DO 'DV(Q]\PHQWKlOW
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

JHQDXVRZLH GLH )HUUHGR[LQH HLQHQ (LVHQ6FKZHIHO.RPSOH[ DOOHUGLQJV KDQGHOW HV VLFK LQ
GLHVHP)DOOXPHLQHQ)H6&OXVWHU:lFKWHUVKlXVHUVWHOOWHGLH+\SRWKHVHGHVFKHPR
DXWRWURSKHQ8UVSUXQJVGHV/HEHQVDQGHU2EHUIOlFKHYRQ3\ULWDXI:lFKWHUVKlXVHU
(U XQWHUPDXHUWH GLHVH 9HUPXWXQJ PLW GHU %HREDFKWXQJ GDVV HLQH 9LHO]DKO YRQ (LVHQ
6FKZHIHO3URWHLQHQ DQ ]HQWUDOHQ 6WRIIZHFKVHOXPVHW]XQJHQ EHWHLOLJW VLQG 'LH (Q]\PH
N|QQWHQGXUFKGHQ(LQEDXYRQDQRUJDQLVFKHQ(LVHQ6FKZHIHO.RPSOH[HQLQGLH3RO\SHSWLGH
DQGHU3\ULW2EHUIOlFKH]XVWDQGHJHNRPPHQVHLQ
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 =LHOVHW]XQJ
,P5DKPHQ GLHVHU'LVVHUWDWLRQ VROO GHU (LQIOX GHU VWDUN QHJDWLY JHODGHQHQ ([WUD'RPlQH
GHV)HUUHGR[LQVDXV+VDOLQDUXPDXIGDVKDORSKLOH9HUKDOWHQGHV3URWHLQVXQWHUVXFKWZHUGHQ
=XGLHVHP=ZHFNZXUGH ]XQlFKVW GLH 6WDELOLWlW YRQ+V)G[ LQ$EKlQJLJNHLW YRQ GHU1D&O
.RQ]HQWUDWLRQXQWHUVXFKWXPVLFKHU]XVWHOOHQGDVVHVVLFKXPHLQKDORSKLOHV3URWHLQKDQGHOW
XQGQLFKWXPHLQKDORWROHUDQWHV
'LH +DORSKLOLH LVW HLQ 3KlQRPHQ GDV DXI GLH :HFKVHOZLUNXQJ GHV 3URWHLQV PLW
:DVVHUPROHNOHQ XQG ,RQHQ LQ GHU /|VXQJ ]XUFN]XIKUHQ LVW %HL GHQ ZHQLJHQ ELVKHU
EHNDQQWHQ 6WUXNWXUHQ YRQ KDORSKLOHQ 3URWHLQHQ KDQGHOW HV VLFK DXVVFKOLHOLFK XP .ULVWDOO
VWUXNWXUHQ'DPLW(IIHNWHLQ/|VXQJJHPHVVHQZHUGHQN|QQHQGLHDXIGLH6DO]NRQ]HQWUDWLRQ
]XUFN]XIKUHQ VLQG VROOWH PLW +LOIH GHU 1056SHNWURVNRSLH GLH 6WUXNWXU GHV +V)G[ LQ
/|VXQJDXIJHNOlUWZHUGHQ
$XVJHKHQG YRQ GLHVHQ 105'DWHQ LVW HV P|JOLFK YHUVFKLHGHQH G\QDPLVFKH $VSHNWH ]X
XQWHUVXFKHQ =XP HLQHQ NDQQ GLH ]HLWDEKlQJLJH 'HQDWXULHUXQJ GHV +V)G[ DQKDQG GHU
,QWHQVLWlWGHU1055HVRQDQ]HQYHUIROJWZHUGHQ'LHVJLEW$XIVFKOXGDUEHUREGLHVDXUH
'RPlQH QDKH GHV17HUPLQXV UDVFKHU ]HUIlOOW DOV GLH UHVWOLFKHQ 6HNXQGlUVWUXNWXUHOHPHQWH
=XP DQGHUHQ ELHWHW GLH %HVWLPPXQJ GHU $PLQRVlXUH)OH[LELOLWlWHQ LQ /|VXQJ GLH
0|JOLFKNHLWGLH'\QDPLNYRQ5HVWHQLQYHUVFKLHGHQHQ%HUHLFKHQGHVKDORSKLOHQ3URWHLQV]X
HUPLWWHOQXQG]XYHUJOHLFKHQ
'XUFKJH]LHOWH'HOHWLRQGHU ,QVHUWLRQVROOHQ0XWDQWHQGHV+V)G[KHUJHVWHOOWZHUGHQGHQHQ
GLHVHW\SLVFKKDORSKLOH'RPlQHIHKOW'LH]ZHL+HOLFHVaXQGaZHOFKHGLH)DOWEOlWWHUb
XQG b YHUELQGHQ VROOHQ GXUFK HLQHQ /RRS E]Z HLQHQ 7XUQ HUVHW]W ZHUGHQ 'LHVH
6WUXNWXUHOHPHQWH QHKPHQ LQ 3ODQ]HQW\SIHUUHGR[LQHQ GHQ 3ODW] GHU EHLGHQ+HOLFHV HLQ 'HU
(LQIOXGHU([WUD'RPlQHNDQQGXUFKGHQGLUHNWHQ9HUJOHLFKGHUKDORSKLOHQ(LJHQVFKDIWHQ
GHV+V)G[XQGGHU0XWDQWHQXQWHUVXFKWZHUGHQ$XFKGLH([SUHVVLRQVHIIL]LHQ]GHU0XWDQWHQ
EHLGHUKRPRORJHQ([SUHVVLRQLQ+VDOLQDUXPXQGGLHKHWHURORJH([SUHVVLRQLPPHVRSKLOHQ
2UJDQLVPXV(FROLN|QQHQ+LQZHLVHDXIGLH+DORSKLOLHGHU3URWHLQHJHEHQ
'HVZHLWHUHQVROOHQ)DOWXQJVYHUVXFKHDP+V)G[XQGVHLQHQ0XWDQWHQGXUFKJHIKUWZHUGHQ
=XGLHVHP=ZHFNPVVHQ5HNRQVWLWXWLRQVSURWRNROOHHWDEOLHUWZHUGHQGDGLH(QWIDOWXQJYRQ
)HUUHGR[LQHQDXIJUXQGGHV=HUIDOOVGHV(LVHQ6FKZHIHO&OXVWHUVNHLQUHYHUVLEOHU3UR]HLVW
(LQOHLWXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$XHUGHPVROOHLQELVKHUQLFKWEHNDQQWHV)HUUHGR[LQVDXV+YROFDQLLLVROLHUWZHUGHQ'LHVHU
PRGHUDWKDORSKLOH2UJDQLVPXV]HLJW8QWHUVFKLHGHLP*O\NRV\OLHUXQJVPXVWHUGHU*O\NROLSLGH
GHU 0HPEUDQ LP 9HUJOHLFK ]X + VDOLQDUXP 0HQJHOH 	 6XPSHU  ,Q + YROFDQLL
ZHUGHQ QXU QHXWUDOH 2OLJRVDFFKDULGH V\QWKHWLVLHUW ZlKUHQG LQ + VDOLQDUXP *OXFRVHUHVWH
GXUFK *OXFXURQVlXUH HUVHW]W VLQG ,Q GHP =XVDPPHQKDQJ VROO XQWHUVXFKW ZHUGHQ RE HLQ
ÄPRGHUDWKDORSKLOHV³ )HUUHGR[LQ H[LVWLHUW XQG RE 6WUXNWXUPHUNPDOH LGHQWLIL]LHUW ZHUGHQ
N|QQHQGLHIUGLHJUDGXHOOH=XQDKPHGHU+DORSKLOLHHLQHV3URWHLQVYHUDQWZRUWOLFKVLQG
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 0DWHULDOXQG0HWKRGHQ
 0DWHULDO
2.1.1 Bakterienstämme
(FROL6WlPPHIUGLH3ODVPLGUHSOLNDWLRQ
;/%OXH%XOORFNHWDO(FROL.6LFKHUKHLWVVWDPP
6XS(KVG5UHF$J\U$6WKLUHO$ODF>)SUR$%ODF,TODF=D07QWHW<@
'+a*LEFR%5/
)HQG$KVG5VXS(WKLUHF$J\U$UHO$RGODF=0
(FROL6WDPPIUGLH([SUHVVLRQ
%/'(5,/6WXGLHU	0RIIDW(FROL%6LFKHUKHLWVVWDPP
)RPS7KVG6U%P%GFP7HWUJDOl'(HQG$+WH>DUJ8LOH<OHX:&DPU@
+VDOLQDUXP
6:DJQHUHWDO
%5+565,65,,&DU5HW
612%3IHLIIHUHWDO
%5+565,65,,&DU5XE5HW
+DORIHUD[YROFDQLL
:500HYDUHFKXQYHU|IIHQWOLFKW
+LVWLGLQDX[RWURSKH0XWDQWHGHV+YROFDQLL:)'DEJHOHLWHWYRQ+YROFDQLL'6GXUFK
(QWIHUQHQGHV3ODVPLGVS+9&KDUOHVERLVHWDO
2.1.2 Vektoren
S%3+0
%HL GHP S%3+09HNWRU KDQGHOW HV VLFK XP HLQHQ 6KXWWOH9HNWRU GHU HLQH
$PSLFLOOLQUHVLVWHQ] IU GLH 6HOHNWLRQ LQ(FROL HQWKlOW XQG HLQH0HYLQROLQUHVLW]HQ] IU GLH
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6HOHNWLRQ LQ +VDOLQDUXP )U GLH ([SUHVVLRQ HLQHV 3URWHLQV LQ +VDOLQDUXP EHVLW]W GHU
9HNWRU GHQ %DFWHULRUKRGRSVLQSURPRWRU ZHOFKHU HUVW EHL 6DXHUVWRIIPDQJHO ]X %HJLQQ GHU
ORJDULWKPLVFKHQ:DFKVWXPVSKDVHDQJHVFKDOWHWZLUG
S+XV%U)XV
'LHVHU9HNWRULVWHEHQVRZLHS%3+0HLQ6KXWWOH9HNWRUXQGEHVLW]WGLHVHOEHQ5HVLVWHQ]HQ
(U HQWKlOW GLH %DFWHULRUKRGRSVLQVHTXHQ] XQWHU GHU .RQWUROOH GHV %DNWHULRUKRGRSVLQ
SURPRWRUV(LQH0XOWLSOH&ORQLQJ6LWHDP(QGHYRQ%5YRUGHP6WRS&RGRQHUP|JOLFKW
GLH +HUVWHOOXQJ YRQ )XVLRQVSURWHLQHQ GLH EHU LKUHQ 17HUPLQXV DQ %5 JHEXQGHQ VLQG
=ZLVFKHQ GHP&7HUPLQXV GHV %5 XQG17HUPLQXV GHV )XVLRQVSURWHLQV EHILQGHW VLFK GLH
(UNHQQXQJVVHTXHQ]IUGHQ)DNWRU;DGDPLWGDV)XVLRQVSURWHLQQDFKGHU$XIUHLQLJXQJYRP
%5JHWUHQQWZHUGHQNDQQ
S(7E1RYDJHQ
'HU S(7E 9HNWRU EHVLW]W HLQH .DQDP\FLQUHVLVWHQ] IU GLH 6HOHNWLRQ LQ (FROL 'LH
,QGXNWLRQGHU([SUHVVLRQLQ(FROLVWHKWXQWHUGHU.RQWUROOHGHVODF2SHURQVXQGZLUGGXUFK
=XJDEHYRQ,37*]XP0HGLXPLQGX]LHUW
S*(;73KDUPDFLD%LRWHFK
'HU 9HNWRU EHVLW]W HLQH $PSLFLOOLQUHVLVWHQ] IU GLH 6HOHNWLRQ LQ(FROL 'LH ,QGXNWLRQ GHV
*67)XVLRQVSURWHLQV LQ (FROL VWHKW XQWHU GHU .RQWUROOH GHV ODF 2SHURQV $Q GDV *67
VFKOLHWVLFK&WHUPLQDOHLQH7KURPELQVFKQLWWVWHOOHDQGLH HLQH7UHQQXQJGHV3URWHLQVYRP
*67HUP|JOLFKW
2.1.3 Oligonukleotide
'LH YHUZHQGHWHQ 2OLJRQXNOHRWLGH ZXUGHQ PLW HLQHP DXWRPDWLVFKHQ '1$6\QWKHVHJHUlW
$SSOLHG %LRV\VWHPV % QDFK GHU 3KRVSKRDPLGLW0HWKRGH KHUJHVWHOOW 'LH
5HVWULNWLRQVVFKQLWWVWHOOHQLQGHQ.ORQLHUXQJVSULPHUQXQGGLHPXWDJHQLVLHUWHQ&RGRQVLQGHQ
0XWDJHQHVHSULPHUQVLQGXQWHUVWULFKHQ
.ORQLHUXQJVSULPHU
:7)G[+LVS%3+09HNWRU6QRE
31+777&$7$7*&&*$&**7$*$$7$&1GH
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

37KU+LV 777*&$7*&&&*$*&&*&*&***$&*$**$7*$&*&**77&7*&$*
6SK,
:7)G[S(7E9HNWRU%/'(5,/
KVIG[JIRU&7$*&7$*7&7$*$$$7777*777$$&777$$*$$**$
*$7$7$&$7$7*&&*$&**7$*$$7$&&7&$$&7$&*$$;ED,
KVIG[JUHY
&&*7&&*&7&*$*7&$7&$*$7*$&*&**77&7*&$**7$*7&*$*;KR,
*67)XVLRQVSURWHLQS*(;79HNWRU%/'(5,/
)G[%DP1+&*&**$7&&&&*$&**7$*$$7$&%DP+,
KVIG[JUHY
&&*7&&*&7&*$*7&$7&$*$7*$&*&**77&7*&$**7$*7&*$*;KR,
)HUUHGR[LQSURPRWRUS%3+09HNWRU6QRE
)HU3URP777777**7$&&*7&*$&**&&**&$*&$&&7*$$&*$VS
)HU3URP**$$77&&$7$7*&$&7*&$*$*77&**&77&&*$$&*1GH,
0XWDJHQHVHSULPHUIU+VDOLQDUXP)HUUHGR[LQ
KVIG[EIRU&7$*&7$*7&7$*$$$7777*777$$&;ED,
)G[DQD
)G[DQD$$&JDDJFFJDJJJFDFJ7$&**&$&*$7**$**7&*&**$***&*$*
)G[DQD*7$FJWJFFFWFJJFWWF*77*$**7$77&7$&&*7&**&$7$7*
)G[HTXL
)G[HTXLIRU&7&DFJFFJWFFJJF7$&**&$&*$7**$**7&*&**$***&*$*
)G[HTXLUHY*7$JFFJJDFJJFJW*$**7$77&7$&&*7&**&$7$7*
6HTXHQ]LHUXQJVSULPHU
S%3+0VHT&$7*$77$&*&&$$*&7&**$$77$$&&
S%3+0UHY*&$$&$*$77*$7&$&*&**&&&$7*&
FKH\IRU777&$7$7**&*$$*&$**7&77$&7*
FKH\UHY&&*&7&*$*7&$7&$7*&**7*$*&$&*7&&*$
77HUPLQDWRU&7$*77$77*&7&$*&**7**
KYROFIRU&*&&*$$*$&7$&**7*$*$7**$$*7*$$
KYROFUHY77&$&77&&$7&7&$&&*7$*7&77&**&*
µ)G[PDUF$7*&&*$&**7$$&*7$&&7&$$&7$
)G[PDUF7&$*$7*$&*&**77&7*&$**7$
PDUF$7*&&$&*77$<&7$$<7$
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

PDUF7&$$7$&&*577<7*$*57$
2.1.4 Herstellerfirmen der verwendeten Geräte und Chemikalien
2.1.4.1 Chemikalien und Enzyme
'LH YHUZHQGHWHQ &KHPLNDOLHQ KDWWHQ GLH 4XDOLWlWVVWXIH ³]XU $QDO\VH´ 6LH ZXUGHQ
JU|WHQWHLOVYRQGHQ)LUPHQ0HUFN'DUPVWDGWXQG6LJPD0QFKHQEH]RJHQ
$XVQDKPHQZHUGHQLPIROJHQGHQDXIJHIKUW
&KHPLNDOLHQ +HUVWHOOHU
$JDURVH %LR]\P2OGHQGRUI
$J12 5LHGHOGH+DsQ
%DFWR$JDU 'LIFR'HWURLW86$
%DFWR7U\SWRQ 'LIFR'HWURLW86$
%URPSKHQROEODX 6HUYD)HLQELRFKHPLFD+HLGHOEHUJ
&RRPDVVLH%ULOOLDQWEODX5 6HUYD)HLQELRFKHPLFD+HLGHOEHUJ
'HVR[\ULERQXNOHRWLGHG173V 3KDUPDFLD)UHLEXUJ
'1$/lQJHQVWDQGDUGV %RHKULQJHU0DQQKHLP*PE+
'1$/LJDVH7 1HZ(QJODQG%LRODEV%HYHUOH\86$
(WKDQRO 5LHGHOGH+DsQ
(WKLGLXPEURPLG %RHKULQJHU0DQQKHLP*PE+
+HIH([WUDFW 'LIFR'HWURLW86$
+LV7DJ$QWLN|USHUGLD0DXV,J* 'LDQRYD
,37* *HUEX
0HWKDQRO 5LHGHOGH+DsQ
0ROHNXODUJHZLFKWVVWDQGDUG 1HZ(QJODQG%LRODEV%HYHUOH\86$
3URWHLQ0DUNHU%URDG5DQJH
3UHVWDLQHG3URWHLQ0DUNHU
1DWULXPGRGHF\OVXOIDW &DUO5RWK*PE+.DUOVUXKH
3URWHDVHLQKLELWRUFRFNWDLOWDEOHWWHQ('7$IUHL 5RFKH'LDJQRVWLFV
3URWRJHO/|VXQJ 1DWLRQDO'LDJQRVWLFV
7DTDUD/D7DT 7DNDUD
³7DT'\H'HR[\7HUPLQDWRU $SSOLHG%LRV\VWHPV:HLWHUVWDGW
&\FOH6HTXHQFLQJ.LW´
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

7HWUDPHWK\OHWK\OHQGLDPLQ7(0(' 6HUYD)HLQELRFKHPLFD+HLGHOEHUJ
7ULWRQ; 6HUYD)HLQELRFKHPLFD+HLGHOEHUJ
2.1.5 Geräte
$JDURVH*HOHOHNWURSKRUHVHNDPPHUQ (LJHQEDX GHV 03, I %LRFKHPLH
0DUWLQVULHGb.7$SXULILHU 3KDUPDFLD%LRWHFK
%ORW$SSDUDWXU7UDQV%ORW6' %LR5DG
'1$5RERF\FOHU 6WUDWDJHQH
)UHQFK3UHVVXUH&HOO3UHVV $PLQFR6/0,QVWUXPHQWV,QF
8UEDQD86$
)3/&6WDWLRQ/&& 3KDUPDFLD%LRWHFK
)UDNWLRQVVDPPOHU 3KDUPDFLD%LRWHFK
0RQR4+5$QLRQHQDXVWDXVFKHUVlXOH 3KDUPDFLD%LRWHFK
3HULVWDOWLN3XPSH0LQLSXOV $ELPHG
3KRWRPHWHU8OWURVSHF 3KDUPDFLD%LRWHFK
4XDU]NYHWWHQ +HOOPD
7LVFK]HQWULIXJH (SSHQGRUI1HWKHOHU+LQ]*PE+
899,66SHNWUDOSKRWRPHWHU $PLQFR
899,66SHNWUDOSKRWRPHWHU/DPEGD 3HUNLQ(OPHU*PE+
3''HVDOWLQJ&ROXPQV 3KDUPDFLD%LRWHFK
46HSKDURVH)DVW)ORZ 3KDUPDFLD%LRWHFK
5HVRXUFH4$QLRQHQDXVWDXVFKHUVlXOH 3KDUPDFLD%LRWHFK
6'6*HOJLHNDPPHU6(0LJKW\6PDOO 3KDUPDFLD%LRWHFK
6HSKDURVH% 3KDUPDFLD%LRWHFK
0XOWLSOH*HO&DVWHU (LJHQEDXGHV03,
IU%LRFKHPLH0DUWLQVULHG
6'6*HOODXINDPPHU6(0LJKW\6PDOO,, +RHIHU3KDUPDFLD%LRWHFK
8OWUD]HQWULIXJH7*$ .RQWURQ
PLWGHQ5RWRUHQ7L7)7
=HQWULIXJH5&& 6RUYDOO
PLWGHQ5RWRUHQ66*66/$
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'HV ZHLWHUHQ YHUZHQGHWH *HUlWH XQG 0DWHULDOLHQ VLQG EHL GHQ MHZHLOLJHQ 0HWKRGHQ
DXIJHIKUW
2.1.6 Stammlösungen, Medien und Puffer
0HGLHQXQG3XIIHUZHUGHQXQWHUGHQMHZHLOLJHQ0HWKRGHQEHVFKULHEHQ
 0LNURELRORJLVFKHXQG0ROHNXODUELRORJLVFKH0HWKRGHQ
2.2.1 Propagierung und Aufbewahrung von E. coli
(FROL=HOOHQZXUGHQ HQWZHGHU LQ /% RGHU7%0HGLXP LQRNXOLHUW )U ÄEHU1DFKW³1
.XOWXUHQ ZXUGHQ  PO 0HGLXP DQJHLPSIW XQG EHL  & EHL  USP JHVFKWWHOW
%DNWHULHQNRORQLHQDXI$JDUSODWWHQN|QQHQHLQLJH7DJHYHUZHQGHWZHUGHQ )U HLQH OlQJHUH
$XIEHZDKUXQJZXUGHQ$OLTXRWVYRQ1.XOWXUHQPLWGHUVHOEHQ0HQJHDQ*O\FHULQYHUVHW]W
XQGEHL±&JHODJHUW
0HGLXPIU(VFKHULVFKLDFROL
/%/XULD%HUWDQL0HGLXP
J%DFWR7U\SWRQ
J%DFWR<HDVW
J1D&O
DGO+2
PLW1D2+DXIS+HLQVWHOOHQDXWRNODYLHUHQ
7%7HUULILF%URWK0HGLXP
J%DFWR7U\SWRQ
J%DFWR<HDVW
POFDJ*O\FHULQ
DGPO+2DXWRNODYLHUHQ
PLWPODXWRNODYLHUWHP.DOLXPSKRVSKDWSXIIHUDXIS+EULQJHQ
0.D+32JO
.D+32+2JO
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$QWLELRWLNDZHUGHQZLUIROJWHLQJHVHW]W
$PSLFLOOLQmJPOPJPO6WDPPO|VXQJ
.DQDP\FLQmJPOPJPO6WDPPO|VXQJ
&KORUDPSKHQLFROmJPOPJPO6WDPPO|VXQJ
2.2.2 Propagierung und Aufbewahrung von Halobakterien
)UGLH$Q]XFKWYRQ+VDOLQXUXPXQG+YROFDQLL=HOOHQZXUGHQPO+DORVWDQGDUGPHGLXP
HQWZHGHU YRQ 3ODWWH RGHU PLW  PO )OVVLJNXOWXU DQJHLPSIW XQG EHL & XQG  USP
JHVFKWWHOW'DVhEHULPSIHQHUIROJWHLP9HUKlOWQLVLQHLQHPO+DXSWNXOWXU
(LQH VWDWLRQlUH  7DJHNXOWXU NDQQ EHL 5DXPWHPSHUDWXU OXIWGLFKW YHUVFKORVVHQ JHODJHUW
ZHUGHQ$XHUGHPN|QQHQPOHLQHU IDFKHQ9HUGQQXQJDXVSODWWLHUWZHUGHQXQG
GLHQDFKELVWlJLJHU,QNXEDWLRQEHL&HUKDOWHQHQ(LQ]HONRORQLHQEHL5DXPWHPSHUDWXU
DXIEHZDKUWZHUGHQ
0HGLXPIU+DOREDFWHULXPVDOLQDUXP
+DORVWDQGDUGPHGLXP2HVWHUKHOW	.ULSSDKO
01D&O J
P00J62+2J
P0.&O J
P01D&LWUDW J
%DFWR3HSWRQ J
+2 DGO
PLW1D2+DXIS+HLQVWHOOHQDXWRNODYLHUHQ
IU3ODWWHQJ$JDU
0HGLXPIU+DORIHUD[YROFDQLL0HYDUHFK	:HUF]EHUJHU
1D&O J
0J62+2 J
0Q&OPJO PO
07ULV+&OS+ PO
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

.&O J
&D&O+2ZYPO
+2 DGPO
*HWUHQQWDXWRNODYLHUHQXQGPOGHUIROJHQGHQDXWRNODYLHUWHQ/|VXQJ]XJHEHQ
%DFWR<HDVW ZY
%DFWR7U\SWRQH ZY
2.2.3 Präparation elektrokompetenter E. coli Zellen
)U GLH +HUVWHOOXQJ HOHNWURNRPSHWHQWHU ( FROL =HOOHQ ZHUGHQ 1.XOWXUHQ GHU
HQWVSUHFKHQGHQ(FROL6WlPPHLQ/%0HGLXPPLWGHPMHZHLOVHUIRUGHUOLFKHQ$QWLELRWLNXP
EHL&USPKHUDQJH]RJHQ'DQQZLUGLP9HUKlOWQLVLQPOIULVFKHV0HGLXP
EHULPSIWXQGELV]XHLQHU2'YRQZHLWHU LQNXELHUW$QVFKOLHHQGZHUGHQGLH=HOOHQ
PLQEHL&JHNKOWXQGGDQQDE]HQWULIXJLHUWPLQ&USP*65RWRU
$OOH IROJHQGH6FKULWWHZHUGHQ DXI(LV JHNKOW GXUFKJHIKUW'HUhEHUVWDQGZLUGP|JOLFKVW
YROOVWlQGLJ DEJHQRPPHQ XQG GLH =HOOHQ ]XQlFKVW LQ  PO GDQQ QDFK ZHLWHUHQ
=HQWULIXJDWLRQVVFKULWWHQZLH REHQ LQ PO XQG DEVFKOLHHQG LQ PO HLVNDOWHP YY
*O\FHULQYRUVLFKWLJUHVXVSHQGLHUW1DFKHLQHPOHW]WHQ=HQWULIXJDWLRQVVFKULWWZLUGGDV3HOOHWLQ
mOYY*O\FHULQDXIJHQRPPHQXQGLQmO3RUWLRQHQDOLTXRWLHUW'LH=HOOVXVSHQVLRQ
ZLUGLQIOVVLJHP6WLFNVWRIIVFKRFNJHIURUHQXQGEHL±&JHODJHUW
2.2.4 Transformation elektrokompetenter E. coli Zellen
'LHHOHNWURNRPSHWHQWHQ=HOOHQZHUGHQDXI(LVDXIJHWDXWXQGmO=HOOVXVSHQVLRQPLWmO
3ODVPLGSUlSDUDWLRQ ELV  mO /LJDWLRQVDQVDW] '1$/|VXQJ YHUVHW]W XQG  PLQ DXI (LV
JHNKOW 'LH 7UDQVIRUPDWLRQVNYHWWH ZLUG HEHQIDOOV  PLQ DXI (LV YRUJHNKOW XQG GLH
0LVFKXQJDQVFKOLHVVHQGKLQHLQJHJHEHQXQGQRFKHLQPDOPLQDXI(LVJHODJHUW
'LH .RQWDNWVWHOOHQ GHU .YHWWH ZHUGHQ VRUJIlOWLJ JHWURFNQHW XQG GLH .YHWWH LQ GDV
(OHNWURSRUDWLRQVJHUlW *HQH 3XOVHU YRQ %LRUDG JHVWHOOW (LQ 3XOV PLW  m)  9 XQG
W ZLUG DXI GLH =HOOHQ JHJHEHQ GLH VRIRUW GDQDFK LQ  PO /% 0HGLXP VXVSHQGLHUW
ZHUGHQ'HU$QVDW]ZLUGIUPLQEHL&LQNXELHUWXQGGDQQZHUGHQ9HUGQQXQJHQGHU
=HOOVXVSHQVLRQ DXI 3ODWWHQ PLW DGlTXDWHP $QWLELRWLND DXVSODWWLHUW XQG EHU 1DFKW EHL 
LQNXELHUW
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

2.2.5 Präparation kompetenter H. salinarum Zellen und Transformation
)U GLH +HUVWHOOXQJ NRPSHWHQWHU + VDOLQDUXP =HOOHQ ZXUGH HLQH  PO .XOWXU 612%
JHQRPPHQ GLH PLQGHVWHQV GUHLPDO DOOH ]ZHL 7DJH EHULPSIW ZXUGH 1DFK  ò 7DJHQ
:DFKVWXPZXUGHQPO.XOWXUDEJHQRPPHQXQGPLQEHLUSPDE]HQWULIXJLHUWXQGGHU
hEHUVWDQG DEJHQRPPHQ 'LH =HOOHQ ZHUGHQ LQ  mO VWHULOHP 63+ 3XIIHU GXUFK OHLFKWHV
6FKZHQNHQGHV(SSHQGRUIJHIlVVHV UHVXVSHQGLHUW'XUFK=XJDEHYRQmO 0('7$LQ
63+3XIIHUZHUGHQ6SKlURSODVWHQHU]HXJWGHUHQ$XVELOGXQJLP0LNURVNRSYHUIROJWZLUG
9RQGHU3ODVPLG'1$ZHUGHQmOPLWGHUVHOEHQ0HQJH01D&OJHPLVFKWXQG]XGHU
6SKlURSODVWHQO|VXQJJHJHEHQ(VZLUGYRUVLFKWLJJHPLVFKWXQGIUPLQEHL57LQNXELHUW
$QVFKOLHVVHQG ZHUGHQ  mO  3(* LQ 63+3XIIHU LQ GHQ 'HFNHO GHV
(SSHQGRUIJHIlVVHV SLSHWWLHUW XQG QDFK 6FKOLHVVHQ GHV 'HFNHOV ZLUG GXUFK 6FKZHQNHQ
JHPLVFKW
'DV (SSHQGRUIJHIl ZLUG PLW 69/ 3XIIHU DXIJHIOOW %HL  USP ZLUG  PLQ EHL 57
]HQWULIXJLHUWXQGDQVFKOLHVVHQGGHUhEHUVWDQGDEJHQRPPHQ
'DV3HOOHWZLUGLQPO+DORPHGLXPDXIJHQRPPHQXQGEHL&h1JHUROOW'LH+DORNXOWXU
ZLUGLQmO$OLTXRWVDXI3ODWWHQPLWmJPO0HYLQROLQDXVSODWWLHUW$XVVHUGHPZLUG
PLWPOGHUhEHUQDFKWNXOWXUPO+DORPHGLXPPLW0HYLQROLQDQJHLPSIWZRYRQQDFKGUHL
7DJHQ3ODWWHQDXVJHVWULFKHQZHUGHQ
63+6SKlURSODVWHQSUlSDUDWLRQV3XIIHU
01D&O
P0.&O
P07ULV+&OS+
ZY6XFURVH
+2
69/6SKlURSODVWHQYHUGQQXQJV3XIIHU
01D&O
P00J&O
P01D&LWUDW
P0&D&O
P07ULV+&OS+
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6XFURVH
+2
2.2.6 Isolierung von Plasmid-DNA aus E.coli
)UGLH3UlSDUDWLRQYRQ3ODVPLG'1$DXV(FROLZHUGHQPO1.XOWXUHQLQ/%0HGLXP
PLWGHPHQWVSUHFKHQGHQ$QWLELRWLNXPEHL&XQGUSPKRFKJHVFKWWHOWXQGEHLJ
IUPLQDE]HQWULIXJLHUW'LH DQVFKOLHVVHQGH ,VROLHUXQJHUIROJWPLW GHP3ODVPLG0LQL.LW
GHU)LUPD4LDJHQEHLGHPGLH=HOOHQGXUFKDONDOLVFKH/\VHDXIJHVFKORVVHQZHUGHQXQGGLH
3ODVPLG'1$PLWWHOVK\GURSKREHU ,QWHUDNWLRQVFKURPDWRJUDSKLHYRQGHUJHQRPLVFKHQ'1$
XQGGHQEULJHQ=HOOEHVWDQGWHLOHQJHWUHQQWZLUG'LH$XVEHXWHGLHVHU0HWKRGHOLHJWEHL
mJ3ODVPLG'1$
2.2.7 Bestimmung der DNA-Konzentration
'LH '1$.RQ]HQWUDWLRQ ZXUGH LQ HLQHP 9ROXPHQ YRQ  mO LP 3KRWRPHWHU EHU GLH
$EVRUSWLRQ EHL  QP EHVWLPPW 'LH 5HLQKHLW GHU '1$ ZXUGH EHU GDV $QP$QP
9HUKlOWQLVEHVWLPPW'LH.RQ]HQWUDWLRQHUJLEWVLFKDXV
F'1$>mOPO@ $QP9HUGQQXQJ
2.2.8 Polymerase-Kettenreaktion (PCR)
'LH3&55HDNWLRQHQZXUGHQLQHLQHP5RERF\FOHUGHU)LUPD6WUDWDJHQHGXUFKJHIKUW)UGLH
$QVlW]HZXUGHGLH3RO\PHUDVH7DNDUD/D7DTGHU)LUPD7DNDUDYHUZHQGHW
3&56WDQGDUGDQVDW]
QJ7HPSODWH'1$ [mO
3ULPHU$%FDSPROmOMH  mO
PDO7DNDUD/D7DT3XIIHU  mO
G173VMHP0 mO
DXI mOPLWELGHVW+2DXIIOOHQ
)DOOV JHQRPLVFKH '1$ DOV 7HPSODWH '1$ HLQJHVHW]W ZLUG VR ZLUG YRU =XJDEH GHU
3RO\PHUDVH  mO IU  PLQ DXI & HUKLW]W ,P $QVFKOX ZLUG IROJHQGHU =\NOXV
GXUFKODXIHQ
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$XIVFKPHO]HQ &VHF
+\EULGLVLHUXQJ 7PVHF
(ORQJDWLRQ &VHFES
'LH +\EULGLVLHUXQJVWHPSHUDWXU 7P EHUHFKQHW VLFK QlKHUXQJVZHLVH DXV GHU /lQJH XQG GHU
6HTXHQ]GHU3ULPHU
7P >*&&$7&@±&
2.2.9 Gelelektrophorese von DNA
)UGLH'1$*HOHOHNWURSKRUHVHZLUGZY$JDURVHLQ7$(GXUFK$XINRFKHQLQGHU
0LNURZHOOH JHO|VW 1DFKGHP GLH /|VXQJ HWZDV DEJHNKOW LVW ZLUG HLQH  PJPO
(WKLGLXPEURPLGO|VXQJ LQ HLQHU 9HUGQQXQJ ]XJHJHEHQ XQG GLH*HOO|VXQJ LQ HLQH
KRUL]RQWDOH *HONDPPHU JHJRVVHQ :HQQ GDV *HO IHVW JHZRUGHQ LVW ZLUG HV PLW 7$(
EHUVFKLFKWHWXQGGLH*HOWDVFKHQPLW3UREHQXQG*U|VVHQVWDQGDUGVLQ'1$3UREHQSXIIHU
EHODGHQ%HL9ZHUGHQGLH'1$)UDJPHQWHQDFKLKUHU*U|VVHJHWUHQQWXQGGLH'1$
%DQGHQEHLQPLQHLQHP897UDQVLOOXPLQDWRUGHWHNWLHUW
7$(3XIIHUIUGLH'1$*HOHOHNWURSKRUHVH
J7ULV
PO(VVLJVlXUH
J('7$
+2DGO
(VZXUGH6HDNHP/($JDURVHYRQ)0&%LR3URGXFWVYHUWULHEHQGXUFK%LR]\PYHUZHQGHW
'1$3UREHQSXIIHUIU'1$$JDURVHJHOH
6DFFKDURVH ZY
('7$ P0
%URPSKHQROEODX 
6'6 
PLW1D2+RGHU+$FGHQS+HLQVWHOOHQ
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

2.2.10 Isolierung von DNA-Fragmenten aus Agarosegelen
'LH,VROLHUXQJYRQ3&53URGXNWHQXQG5HVWULNWLRQVIUDJPHQWHQDXV$JDURVHJHOHQHUIROJWPLW
+LOIH GHV 4,$TXLFN*HO([WUDFWLRQ.LWV GHU )LUPD 4LDJHQ XQWHU $QZHQGXQJ GHV YRQ GHU
)LUPDDQJHJHEHQHQ3URWRNROOV
2.2.11 Isolierung von genomischer DNA aus H. salinarum und H. volcanii
(LQH 6FKQHOOLVROLHUXQJ NDQQ GXUFK 3HOOHWLHUHQ YRQ  PO +DORNXOWXU XQG DQVFKOLHVVHQGHV
5HVXVSHQGLHUHQ LQ  PO +2 HUIROJHQ 'DV =HOO\VDW NDQQ GLUHNW IU HLQH 3&5 HLQJHVHW]W
ZHUGHQ
)U HLQH VDXEHUH '1$ 3UlSDUDWLRQ ZHUGHQ  PO HLQHU IULVFK JHZDFKVHQHQ .XOWXU YRQ+
VDOLQDUXP 2' XQJHIlKU  DE]HQWULIXJLHUW XQG GHU hEHUVWDQG DEJHJRVVHQ )U GLH
,VROLHUXQJGHUJHQRPLVFKHQ'1$DXV+YROFDQLLZXUGHQ7DJHV.XOWXUHQYHUZHQGHW'DV
3HOOHW ZLUG LQ  mO /\VHSXIIHU UHVXVSHQGLHUW XQGPLW  mO (WKDQRO EHUVFKLFKWHW 'LH
'1$EHILQGHWVLFKLQGHU,QWHUSKDVHXQGNDQQDXIHLQHmO*ODVNDSLOODUHDXIJHUROOWZHUGHQ
'LHEHLGHQ3KDVHQZHUGHQJHPLVFKWXQGGLH.DSLOODUHPLWGHU'1$LQGHP*HIlVVIUPLQ
VWHKHQJHODVVHQ'LH.DSLOODUHZLUGGDUDXIKLQIUPLQLQ(WKDQROJHVWHOOWXQGGDQQIUHLQ
SDDU 6HNXQGHQ LQ (WKHU JHWDXFKW $EVFKOLHVVHQG ZLUG GLH '1$ DXI GHU .DSLOODUH IU
PLQGHVWHQVPLQDQGHU/XIWJHWURFNQHWXQGGDQDFKLQ:DVVHUJHO|VW
/\VHSXIIHU
01D&O PO
07ULVS+ PO
P0('7$ PO
ZY6'6 PO
+2 DGPO
2.2.12 Restriktionsverdau von DNA
)U GHQ 5HVWULNWLRQVYHUGDX ZXUGHQ FD  mJPO '1$ HLQJHVHW]W E]Z  mJPO DXV
+DOREDNWHULHQLVROLHUWHJHQRPLVFKH'1$)UHLQHQmO$QVDW]ZXUGHQ8GHVMHZHLOLJHQ
(Q]\PVPLWGHP]XJHK|ULJHQ3XIIHU]XJHJHEHQXQGEHLGHU IUGDV(Q]\PYRP+HUVWHOOHU
YRUJHVHKHQHQ7HPSHUDWXUGLHDQJHJHEHQH=HLW LQNXELHUW]ZLVFKHQòELVKEHL&
9HUGDXGHUJHQRPLVFKHQ'1$EHU1DFKW
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

2.2.13 Ligation von DNA-Fragmenten
)U HLQHQ /LJDWLRQVDQVDW] ZXUGHQ  mO YRQ GHP 3&5 )UDJPHQW ,QVHUW YHUGDXW XQG
DQVFKOLHVVHQGEHUGDV3&53XULILFDWLRQ.LWGHU)LUPD4LDJHQDXIJHUHLQLJW'HU]XJHK|ULJH
9HNWRU ZXUGH QDFK GHP 6FKQHLGHQ DXV HLQHP $JDURVHJHO LVROLHUW (LQ W\SLVFKHU
/LJDWLRQVDQVDW]KDWWHIROJHQGH=XVDPPHQVHW]XQJ
,QVHUW mO
9HNWRU mO
7/LJDVH mO
7/LJDVHSXIIHU mO
$73/|VXQJ mO
2.2.14 DNA-Sequenzierung
'LH 6HTXHQ]LHUXQJ GHU '1$ HUIROJWH QDFK GHU .HWWHQDEUXFKPHWKRGH GXUFK 3&5 PLW
IOXRUHV]HQ]PDUNLHUWHQ 'LGHVR[\QXNOHRWLGHQ XQWHU *HEUDXFK GHV %LJ'\H 7HUPLQDWRU &\FOH
6HTXHQFLQJ5HDG\5HDFWLRQ.LWVYRQ3HUNLQ(OPHU$SSOLHG%LRV\VWHPV
5HDNWLRQVDQVDW]
3ODVPLG mOQJ
3ULPHU mOSPRO
.LW mO
DG+2mO
3&5%HGLQJXQJHQ
V &
V 7PSULPHUVSH]LILVFKH+\EULGLVLHUXQJVWHPSHUDWXU
PLQ &
=\NOHQ
=XGHP3&5$QVDW]ZHUGHQmO+2]XJHJHEHQ'LH3UREHZLUGGXUFK*HOILOWUDWLRQEHU
HLQ0LFUR6SLQ*6lXOFKHQYRQ3KDUPDFLDQDFK$QJDEHQGHV+HUVWHOOHUVDXIJHUHLQLJWXQG
DQVFKOLHVVHQG LQ HLQHU 9DNXXP]HQWULIXJH 6SHHG 9DF &RQFHQWUDWRU WURFNHQ JH]RJHQ 'LH
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6HTXHQ]LHUXQJHUIROJWSHU*HOHOHNWURSKRUHVHLQHLQHP'1$6HTXHQ]LHUHU0RGHOO$YRQ
$SSOLHG%LRV\VWHP
%HL GHU 3&5 HQWVWHKHQ DXIJUXQG GHU DOV 7HUPLQDWRUHQ IXQJLHUHQGHQ 'LGHR[\QXNOHRWLGH
)UDJPHQWH XQWHUVFKLHGOLFKHU .HWWHQOlQJH -HGHV 'LGHR[\G173 LVW DQ HLQHQ DQGHUHQ
)OXRUHV]HQ]IDUEVWRII JHNRSSHOW DQKDQG GHVVHQ GLH '1$6HTXHQ] GHV 7HPSODWHV EHVWLPPW
ZHUGHQNDQQ
2.2.15 Ortsspezifische Mutagenese nach der Zwei-Schritt-PCR-Methode
'LH (LQIKUXQJ RUWVVSH]LILVFKHU 3XQNWPXWDWLRQHQ HUIROJW QDFK GHU =ZHL6FKULWW3&5
0HWKRGH+RHWDO(VZHUGHQIUMHGH0XWDWLRQ]ZHL3ULPHU$XQG%HQWZRUIHQGLH
MHZHLOV ]XHLQDQGHU NRPSOHPHQWlU GLH JHZQVFKWH0XWDWLRQ FRGLHUHQ XQG ]XVlW]OLFK 
IODQNLHUHQGH %DVHQ HQWKDOWHQ =XVDPPHQ PLW GHP  XQG GHP  3ULPHU IU GDV ]X
PXWLHUHQGH *HQ ZHUGHQ ]ZHL 3&5$QVlW]H JHPDFKW GLH MHZHLOV HLQHQ 7HLO GHV PXWLHUWHQ
*HQVOLHIHUQ
$IRU
$UHY
%IRU
%UHY
3&5
1U
$
%
$IRU
%UHY
3&5
1U
'LHVH ZHUGHQ LQ HLQHU DQVFKOLHVVHQGHQ 3&5 5HDNWLRQ IXVLRQLHUW LQ HLQHP  PO $QVDW]
ZXUGHQ MH  mO GHU 3&53URGXNWH HLQJHVHW]W XQG PLW +LOIH GHU WHUPLQDOHQ 3ULPHU GDV
PXWLHUWH*HQIUDJPHQWJHZRQQHQhEHUGLHHQWVSUHFKHQHQGHQ5HVWULNWLRQVVFKQLWWVWHOOHQNDQQ
HVGDQQLQGHQJHZQVFKWHQ([SUHVVLRQVYHNWRUNORQLHUWZHUGHQ
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

2.2.16 Herstellung der Genfragmente für die Mutanten Fdxana und Fdxequi
=XHUVW ZXUGHQ GLH MHZHLOLJHQ ([SUHVVLRQVSODVPLGH IU +V)G[ HUVWHOOW 'DV IU +V)G[
NRGLHUHQGH *HQIUDJPHQW ZXUGH DXV GHP &RVPLG 5, DPSOLIL]LHUW $XVJHKHQG GDYRQ
NRQQWHQ GXUFK 2OLJRQXNOHRWLGJHULFKWHWH 0XWDJHQHVH *HQIUDJPHQWH PLW GHQ HUZQVFKWHQ
'HOHWLRQHQKHUJHVWHOOWZHUGHQ
+V)G[ />@<

$QDEDHQD)G[ 1($(*7
Ã )G[DQD
+V)G[ />@<
 
(TXLVHWXPDUYHQVH)G[ 736*
Ã )G[HTXL
 3URWHLQFKHPLVFKH0HWKRGHQ
2.3.1 SDS-Gelelektrophorese
8P3URWHLQH QDFK LKUHU*U|H LP HOHNWULVFKHQ )HOG DXIWUHQQHQ ]X N|QQHQZHUGHQ VLHPLW
GHP'HWHUJHQ]1DWULXPGRGHF\OVXOIDW6'6GHQDWXULHUWZREHLHLQQHJDWLYJHODGHQHU3URWHLQ
6'6.RPSOH[ HQWVWHKW DQ  J 3URWHLQ ELQGHW XQJHIlKU  J 6'6 $OV 0DWUL[ IU GLH
*U|HQWUHQQXQJ ZLUG $FU\ODPLG HLQJHVHW]W ZHOFKHV EHLP $XVSRO\PHULVLHUHQ PLW GHP
4XHUYHUQHW]HU 0HWK\OHQELVDFU\ODPLG HLQ *HO DXVELOGHW )U GLH 3RO\PHULVDWLRQ ZHUGHQ
$PPRQLXPSHUVXOIDW $36 XQG 11117HWUDPHWK\OHWK\OHQGLDPLQ 7(0(' DOV
5DGLNDOVWDUWHUYHUZHQGHW'HU$QWHLO DQ$FU\ODPLGEHVWLPPWGLH3RUHQJU|VVHGHV*HOVXQG
GDPLWVHLQHQ7UHQQXQJVEHUHLFK
8PHLQHEHVVHUH$XIWUHQQXQJGHU3URWHLQH]XHUUHLFKHQZLUGEHUGDV7UHQQJHOS+HLQ
6DPPHOJHO S+  JHVFKLFKWHW GDPLW GLH LQV*HO HLQODXIHQGHQ%DQGHQP|JOLFKVW VFKPDO
VLQG
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LH 6'6*HOHOHNWURSKRUHVH ZXUGH QDFK GHU 0HWKRGH YRQ )OLQJ 	 *UHJHUVRQ )OLQJ 	
*UHJHUVRQPLW%LRUDG0LQLJHODSSDUDWXUHQ GXUFKJHIKUW(VZXUGHQ XQG
*HOHYHUZHQGHW
)U7UHQQJHOHj
PO+2
PO7ULV0S+
mO6'6ZY
PO3URWRJHO$FU\ODPLG
mO$36
mO7(0('
)U7UHQQJHOHj
PO+2
PO7ULV0S+
mO6'6ZY
PO3URWRJHO$FU\ODPLG
mO$36
mO7(0('
)U6DPPHOJHOHj
PO+2
PO7ULV0S+
mO6'6ZY
PO3URWRJHOZY$FU\ODPLG
mO$36
mO7(0('
'LH 3URWHLQSUREHQ ZHUGHQ PLW /lPPOLSXIIHU YHUVHW]W XQG  PLQ EHL & JHNRFKW
*HVDPW]HOO\VDWSUREHQZHUGHQò6WXQGHDXI&HUKLW]W
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/lPPOLSXIIHU
07ULV+&OS+ PO
+2 PO
*O\FHULQ PO
6'6 PO
%URPSKHQROEODX PO
/DXISXIIHU
P07ULV
P0*O\FLQ+&O
ZY6'6
'DV*HOZLUGDQIlQJOLFKEHLP9IUGHQ(LQODXIGHU3UREHQLQV6DPPHOJHOJHIDKUHQ)U
GDV7UHQQJHOZLUGGLH6SDQQXQJDXIP9KRFKJHVHW]W
2.3.2 Färben von SDS-Gelen
'LH )lUEXQJ GHU 3URWHLQEDQGHQ LP *HO HUIROJWH PLW &RRPDVVLH %ULOOLDQW %OXH 5 'HU
)DUEVWRIIODJHUWVLFKDQGLH$UJLQLQUHVWHGHU3RWHLQHDQGLHELV]XHLQHU.RQ]HQWUDWLRQYRQ
mJ SUR %DQGH GHWHNWLHUWZHUGHQ N|QQHQ )U GLH )lUEXQJZLUG GDV*HO  K EHL 57 LQ GHU
)lUEHO|VXQJJHVFKZHQNW
&RRPDVVLH)lUEHO|VXQJ
&RRPDVVLH ZY
0H2+ PO
(VVLJVlXUH PO
+2 PO
PJ&RRPDVVLH5ZHUGHQò6WXQGHLQPO0HWKDQROJHUKUWXPGHQ)DUEVWRII
]XO|VHQ1DFK=XJDEHYRQ+2 XQG(VVLJVlXUHZLUGGLHIHUWLJH/|VXQJILOWULHUW
'DV(QWIlUEHQGHV*HOVHUIROJWPLWHLQHU/|VXQJDXVPO,VRSURSDQROPO(VVLJVlXUH
XQGPO+2
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

2.3.3 Western Blot
3URWHLQHN|QQHQYRQHLQHPXQJHIlUEWHQ6'6*HOGXUFKGDVKDOEWURFNHQH%ORWYHUIDKUHQDXI
HLQH 0HPEUDQ EHUWUDJHQ ZHUGHQ =X GLHVHP =ZHFN ZLUG GLH %ORWPHPEUDQ DXV 39')
,PPRELORQ37UDQVIHUPHPEUDQ0LOOLSRUH PLQ ODQJ LQ0HWKDQRO HLQJHOHJW*OHLFK]HLWLJ
ZLUG GDV %ORWSDSLHU :KDWPDQSDSLHU ]XVDPPHQ PLW GHP *HO LQ %ORW3XIIHU JHVFKZHQNW
ZRULQGLH0HPEUDQYRUGHP$XIEDXGHV%ORWVHEHQIDOOVNXU]JHVFKZHQNWZLUG
%ORW3XIIHU
P07ULV
P0*O\FLQ
YY0H2+
S+:HUWHLQVWHOOHQ
(VZLUG HLQ6DQGZLFK DXIJHEDXW GDV YRQ XQWHQ EHJRQQHQ DXV HLQHP:KDWPDQSDSLHU GHP
*HOGHU%ORWPHPEUDQXQGZLHGHUHLQHP:KDWPDQSDSLHUEHVWHKW'LHVHV6DQGZLFKZLUGDXI
GLH%ORWDSSDUDWXU JHOHJWZREHL VLFK GLH$QRGH XQWHQ EHILQGHW XQG QDFK REHQ ]XU.DWKRGH
JHEORWWHWZLUG)UGDVN')HUUHGR[LQZXUGHHLQH6WURPVWlUNHYRQP$SUR0LQLJHO
XQGHLQH%ORW]HLWYRQKPLQJHZlKOW
$QVFKOLHVVHQGZLUGGLH0HPEUDQPLWZY%6$LQ7%673XIIHUIUKEHL57RGHU
1EHL&EORFNLHUW
7%673XIIHU
P0 7ULV+&OS+
01D&O
ZY7ULWRQ;
'LH/|VXQJZLUGDEJHJRVVHQXQGGLH0HPEUDQNXU]PLW7%67JHZDVFKHQ,QPO7%67
ZHUGHQ  mO $QWL+LV$QWLN|USHU GLHVH /|VXQJ ZLUG PHKUIDFK YHUZHQGHW XQG EHL &
JHODJHUW DXI GLH 0HPEUDQ JHJHEHQ XQG  K EHL 57 RGHU EHL & 1 LQNXELHUW 'LH
$QWLN|USHUO|VXQJZLUGDEJHJRVVHQXQGGUHLPDONXU]XQGGDQQGUHLPDOMHPLQPLW7%67
3XIIHU JHZDVFKHQ 'LH 6HNXQGlU$QWLN|USHU 3HUR[LGDVHNRQMXJLHUWHU $QWLN|USHU
+53+RUVHUDGLVK3HUR[LGDVH3URWHLQ$ IU GHQ+LV$QWLN|USHU XQG ]XVlW]OLFK HLQ
$QWL%LRWLQ$QWLN|USHUIUGHQELRWLQ\OLHUWHQ0DUNHUZHUGHQLQPO7%673XIIHU
]XU 0HPEUDQ JHJHEHQ XQG GLHVH ZLUG  K EHL 57 JHVFKZHQNW 'LH 6HNXQGlU
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$QWLN|USHUO|VXQJZLUGYHUZRUIHQXQGGLH0HPEUDQZLHGHUGUHLPDONXU]XQGGUHLPDO MH
PLQPLW7%673XIIHUJHZDVFKHQ
'LH(QWZLFNOXQJ GHV%ORWV HUIROJW GXUFK HLQH HQ]\PDWLVFKH&KHPLOXPLQHV]HQ]UHDNWLRQPLW
HLQHP (&/,PPXQIlUEXQJV.LW YRQ $PHUVKDP 9RQ /|VXQJ $ XQG % ZHUGHQ MH  PO
JHPLVFKW XQG GDQQ ]XU 0HPEUDQ JHJHEHQ 1DFK  PLQ ZLUG GLH 0HPEUDQ NXU] DXI HLQ
:KDWPDQSDSLHU JHOHJW XP EHUVFKVVLJH 5HDJHQ]O|VXQJ ]X HQWIHUQHQ XQG LQ HLQH
.ODUVLFKWIROLH JHZLFNHOW $XI GLH 0HPEUDQ ZLUG IU  PLQ HLQ 5|QWJHQSDSLHU JHOHJW XQG
DQVFKOLHVVHQG HQWZLFNHOW -H QDFK 6WlUNH GHV 6LJQDOV ZLUG GLH (LQZLUN]HLW YDULLHUW GLH
/XPLQHV]HQ]KlOWFDKDQ
2.3.4 Proteinbestimmung nach Bradford und BCA-Methode
'LHVFKQHOOHUH9DULDQWHGHU3URWHLQEHVWLPPXQJLVWGHU%UDGIRUG7HVW(UHQWKlOWGHQ)DUEVWRII
&RRPDVVLH %ULOOLDQWEODX ZHOFKHU DQ GLH $UJLQLQ5HVWH GHU 3URWHLQH ELQGHW 'XUFK GLHVH
5HDNWLRQZLUGGHU)DUEVWRIIYRQGHUNDWLRQLVFKHQ$EVRUSWLRQVPD[LPXPEHLQPLQGLH
DQLRQLVFKH$EVRUSWLRQVPD[LPXPEHLQP)RUPXPJHZDQGHOW
'DV%UDGIRUGUHDJHQ]YRQ%LR5DGZLUGPLW:DVVHUYHUGQQWXQG]XPOGLHVHU/|VXQJ
ZHUGHQmO3URWHLQO|VXQJ JHJHEHQ1DFKPLQ EHL57ZLUG GLH$EVRUSWLRQ EHL  QP
JHPHVVHQXQGGLH.RQ]HQWUDWLRQEHUGHQ9HUJOHLFK]XU(LFKNXUYHPLW%6$EHVWLPPW
(LQH DQGHUH 0|JOLFKNHLW ]XU 4XDQWLIL]LHUXQJ YRQ 3URWHLQHQ LVW GLH )DUEUHDNWLRQ PLW
%LFKLQROLQVlXUH%&$3URWHLQHELOGHQPLW&X,RQHQLQDONDOLVFKHU/|VXQJHLQHQ.RPSOH[
%LXUHW5HDNWLRQZREHLGLH&X,RQHQ]X&X,RQHQUHGX]LHUWZHUGHQ'LHVHELOGHQPLWGHU
%LFKLQROLQVlXUH HLQHQ YLROHWWHQ )DUENRPSOH[ DXV GHVVHQ$EVRSWLRQVPD[LPXP EHL  QP
OLHJW
)U GHQ %&$ 7HVW YRQ 3LHUFH ZHUGHQ /|VXQJ $ XQG % LP 9HUKlOWQLV 
]XVDPPHQJHJHEHQ=XPOGHU0LVFKXQJZHUGHQmO GHU3URWHLQO|VXQJSLSHWWLHUW1DFK
HLQHU ,QNXEDWLRQEHL& IUò6WXQGHZLUGGLH$EVRUSWLRQEHLQPJHPHVVHQXQGGLH
.RQ]HQWUDWLRQEHUGHQ9HUJOHLFK]XU(LFKNXUYHPLW%6$EHVWLPPW
)UGLH(LFKNXUYHQZHUGHQ%6$/|VXQJHQPLW.RQ]HQWUDWLRQHQYRQmJPOELVPJPO
HLQJHVHW]W
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 $XINRQ]HQWULHUHQYRQ3URWHLQHQ
'DV $XINRQ]HQWULHUHQ XQG 8PSXIIHUQ GHU 3URWHLQH HUIROJW LQ &HQWULFRQ 
.RQ]HQWUDWLRQV]HOOHQ POXQGPOYRQ$PLFRQ'LH=HQWULIXJDWLRQ ILQGHWEHL&XQG
K|FKVWHQVJVWDWW
3UREHQIUGLH1050HVVXQJHQZXUGHQDXIHLQH.RQ]HQWUDWLRQYRQHWZDPJPOJHEUDFKW
2.3.6 Proteinsequenzanalysen
)U GLH 3URWHLQVHTXHQ]DQDO\VH ZLUG HLQ 6'6*HO GDV HLQH %DQGH GHV ]X LGHQWLIL]LHUHQGHQ
3URWHLQV HQWKlOW DXI HLQH 39')0HPEUDQ JHEORWWHW 'HU %ORW ZLUG PLQPLW HLQHU IULVFK
SUlSDULHUWHQ&RRPDVVLH/|VXQJJHIlUEW'LH)lUEHO|VXQJZLUGDEJHJRVVHQXQGGHU%ORWNXU]
PLW GHVWLOOLHUWHP :DVVHU JHZDVFKHQ 'LH 0HPEUDQ ZLUG  PLQ LQ (QWIlUEHO|VXQJ
JHVFKZHQNW ELV GLH 3URWHLQEDQGH JXW ]X HUNHQQHQ LVW XQG NXU] DXI HLQHP:KDWPDQSDSLHU
JHWURFNQHW$XIEHZDKUWZLUGGHU%ORWLQ$OXPLQLXPIROLH
'LH 3URWHLQEDQGH ZXUGH DXV GHU 0HPEUDQ DXVJHVFKQLWWHQ ,Q GHU $UEHLWVJUXSSH
3URWHLQDQDO\WLN YRQ 3URI /RWWVSHLFK ZXUGH GDPLW HLQH 1WHUPLQDOH (GPDQ6HTXHQ]LHUXQJ
GXUFKJHIKUWEHUGLHELV]X$PLQRVlXUHQYRP17HUPLQXVEHVWLPPWZHUGHQN|QQHQ
6ROOHQ OlQJHUH6HTXHQ]HQHLQHV3URWHLQVEHVWLPPWZHUGHQ VR LVWGLHVEHUXQWHUVFKLHGOLFKH
6SDOWXQJHQ GHV 3URWHLQV P|JOLFK VR GDVV EHUODSSHQGH 6HTXHQ]HQ GHU 6SDOWSURGXNWH
EHVWLPPWZHUGHQN|QQHQ
&RRPDVVLH/|VXQJ
&RRPDVVLH%ULOOLDQW%OXH5 ZY
0HWKDQRO YY
(VVLJVlXUH YY
(QWIlUEHO|VXQJ
0HWKDQRO YY
(VVLJVlXUH YY
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

2.3.7 Massenspektrometrische Untersuchung von Proteinen
)UGLH,GHQWLILNDWLRQYRQ3URWHLQHQSHU0DVVHQVSHNWURPHWULHZXUGHGLHHQWVSUHFKHQGH%DQGH
DXV HLQHP &RRPDVVLH JHIlUEWHQ 6'6*HO DXVJHVFKQLWWHQ JHO|VW XQG PLW 7U\SVLQ YHUGDXW
6KHYFKHQNR :LOP 9RUP 	 0DQQ  'LH &\VWHLQH ZXUGHQ GXUFK %HKDQGOXQJ PLW
,RGDFHWDPLG LQ &DUER[\DPLGRPHWK\O&\VWHLQ XPJHZDQGHOW XQG GLH 0HWKLRQLQH LQ LKUH
0HWKLRQLQVXOIR[LG)RUPEHUIKUW'LHPDVVHQVSHNWURPHWULVFKH8QWHUVXFKXQJHUIROJWHLQGHU
$EWHLOXQJ 3URWHLQDQDO\WLN YRQ 3URI /RWWVSHLFK DQ HLQHP 0$/',*HUlW 0DWUL[$VVLVWHG
/DVHU'HVRUSWLRQ,RQLVDWLRQ 'LH VSH]LILVFKH 0DVVHQYHUWHLOXQJ GHV YHUGDXWHQ 3URWHLQV
HUODXEWHVHLQH,GHQWLIL]LHUXQJ
'LH%HVWLPPXQJGHU VSH]LILVFKHQ0DVVHYRQ3URWHLQHQ HUIROJWH LQ GHU$EWHLOXQJ YRQ3URI
0RURGHUDP(6,(OHFWURQ6SUD\,RQLVDWLRQ
 0DUNLHUXQJYRQ3URWHLQHQLQ+VDOLQDUXP
2.4.1 Herstellung von 15N und 15N/13C-markiertem Algenpepton
8P HLQKHLWOLFK PDUNLHUWH 3URWHLQH GLUHNW DXV GHQ +DOREDNWHULHQ ]X LVROLHUHQ ZHUGHQ
6FHQHGHVPXV REOLTXXV $OJHQ 1 E]Z & PDUNLHUW XQG GXUFK LKUH +\GURO\VH GLH
$PLQRVlXUHQ IU GDV +DORPHGLXP JHZRQQHQ $OV HLQ]LJH 6WLFNVWRIITXHOOH ZLUG GHP
$OJHQPHGLXP $PPRQLXPQLWUDW ]XJHJHEHQ XQG DOV .RKOHQVWRIITXHOOH ZLUG .RKOHQGLR[LG
JHQXW]W
'LH 9RUNXOWXUHQ GHU $OJHQ ZHUGHQ LQ OXIWGLFKW YHUVFKORVVHQHQ  PO'RSSHOVWRFNNROEHQ
JH]RJHQZREHLVLFKLPXQWHUHQ.ROEHQFDPO.+&2E]Z.+&2EHILQGHWXPGDV
]XP :DFKVWXP QRWZHQGLJH .RKOHQGLR[LG ]X OLHIHUQ  PO PDUNLHUWHV $OJHQPHGLXP
ZHUGHQPLW PO$OJHQNXOWXU LQRNXOLHUW XQG EHL & XQG  USP XQWHU 3IODQ]HQODPSHQ
JHVFKWWHOW1DFKMH7DJHQZLUGZHLWHUH]ZHLPDOMHEHULPSIW(LQO)HUPHQWHU
ZLUGPLWPO9RUNXOWXULQRNXOLHUWhEHUHLQH&2)ODVFKHRGHUHLQHQ.UHLVODXIPLW&2
/XIWEDOORQZLUGGHU)HUPHQWHUPLW.RKOHQGLR[LGYHUVRUJW
'DV :DFKVWXP GHU $OJHQ ZLUG EHU GLH 2' YHUIROJW JHPHVVHQ LQ  XQG 
9HUGQQXQJ %HL HLQHU 2' YRQ  ZLUG GHU )HUPHQWHULQKDOW EHU HLQHQ *ODVIDVHUILOWHU
JHHUQWHWZREHLHLQ=HKQWHOGHV,QKDOWHVLP)HUPHQWHUDOV,QRNXOXPYHUEOHLEWXQGGDVILOWULHUWH
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

0HGLXP ZLHGHU LQ GHQ )HUPHQWHU ]XUFNJHOHLWHW ZLUG 'LHV JHVFKLHKW XQWHU VWHULOHQ
%HGLQJXQJHQ
'LHDXIGHP*ODVIDVHUILOWHUYHUEOHLEHQGH$OJHQPDVVHZLUGYRP)LOWHUDEJHQRPPHQXQGEHL±
&HLQJHIURUHQ(LQ)HUPHQWHUNDQQELV]XIQIPDOJHHUQWHWZHUGHQ:HQQVLFKLP]ZHLWHQ
RGHUGULWWHQ=\NOXVHLQH:DFKVWXPVYHU]|JHUXQJ]HLJWZHUGHQJ.+32]XJHVHW]WXP
GLH3KRVSKDWYRUUlWHZLHGHUDXI]XIOOHQ
'LH JHVDPPHOWH JHIURUHQH$OJHQPDVVHZLUG O\RSKLOLVLHUW XQG JHZRJHQ'DV$JHQPDWHULDO
ZLUG LQ HWZDVQ+H[DQDXIJHQRPPHQXQGSULHUW EHYRU HV LQ HLQH([WUDNWLRQVKOVHJHIOOW
ZLUG,QHLQHU6R[OHWDSSDUDWXUZLUGHVHUVWPLWOQ+H[DQEHU1DFKWH[WUDKLHUWGDQQDXI
JOHLFKH:HLVHPLW$FHWRQXQGDEVFKOLHHQGPLWHLQHU0LVFKXQJDXV0HWKDQROXQG
&KORURIRUP 1DFKGHP GLH +OVH QRFK ]ZHL ELV GUHLPDO PLW MH  PO NDOWHP 0HWKDQRO
JHVSOW ZXUGH ZLUG GDV $OJHQPDWHULDO EHU 1DFKW LP $E]XJ JHWURFNQHW 'DV WURFNHQH
0DWHULDOZLUGHLQJHZRJHQXQG]XMHJ$OJHQPDVVHZHUGHQPO0+&O]XJHJHEHQ'LH
+\GURO\VHHUIROJWLQQHUKDOEYRQKXQWHU5FNIOX1DFKGHPGLH/|VXQJDEJHNKOWLVW
ZLUGVLHEHUHLQHQ*ODVIDVHUILOWHU*)DEILOWULHUWXQG LP5RWDWLRQVYHUGDPSIHUELV IDVW]XU
7URFNHQH HLQJHHQJW XQG O\RSKLOLVLHUW 'HU 5FNVWDQGZLUG LQ ZHQLJ:DVVHU DXIJHQRPPHQ
XQGPLW 1D2+ DXI S+  WLWULHUW ZREHL GHU 1D2+9HUEUDXFK QRWLHUW ZLUG XP VSlWHU GHQ
$QWHLO DQ1D&O DQ GHU *HVDPWPDVVH EHUHFKQHQ ]X N|QQHQ =X GHU /|VXQJZHUGHQ  J
$NWLYNRKOHSURJH[WUDKLHUWHV$OJHQPDWHULDO]XJHJHEHQ'LH0LVFKXQJZLUGPLQEHL57
JHUKUW XQG DQVFKOLHVVHQG ILOWULHUW 'DV )LOWUDW ZLUG LP 5RWDWLRQVYHUGDPSIHU HLQJHHQJW XQG
O\RSKLOLVLHUW
$EVFKOLHVVHQG ZLUG GLH 0HQJH GHV $OJHQK\GURO\VDWV EHVWLPPW XQG GLH 0HQJH DQ 1D&O
DXVJHUHFKQHW XP GHQ 1HWWRSHSWRQJHKDOW ]X EHUHFKQHQ $XVVHUGHP ZLUG HLQH 3UREH ]XU
$PLQRVlXUHDQDO\VH JHJHEHQ XP GHQ UHODWLYHQ $QWHLO GHU HLQ]HOQHQ $PLQRVlXUHQ ]X
EHVWLPPHQ )U GLH 0DUNLHUXQJ GHU KDOREDNWHULHOOHQ 3URWHLQH ZHUGHQ FD  J
1HWWRDOJHQSHSWRQIUO+DORPHGLXPHLQJHVHW]W
$OJHQPHGLXPO
O066DO]H
PO(LVHQO|VXQJ
1LWUDWLQIHVWHU)RUP]XJHEHQJDXIO
S+:HUWDXIHLQVWHOOHQ
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

066DO]H
 J&D&O+2LQPO+2O|VHQ
 J.+32
 J0J62+2PPRO
 J0Q62+26WDPPO|VXQJ
 J+%26WDPPO|VXQJ
 =Q62+26WDPPO|VXQJ
 J.,6WDPPO|VXQJ
 1D0R2+2
 PJ&X62+2
 PJ&R&O+2
 DGO+2
5HLKHQIROJH GHU 6DO]]XJDEH EHDFKWHQ (LQHQ S+:HUW ]ZLVFKHQ  XQG  HLQVWHOOHQ PLW
1D2+XQG+&O
(LVHQO|VXQJPO
PJ1D('7$+2
PJ)H62+2
%HLGH 6DO]H JHWUHQQW LQ MH  PO +2 GXUFK (UZlUPHQ O|VHQ XQG DQVFKOLHHQG
]XVDPPHQJHEHQ
2.4.2 Kultivierung markierter H. salinarum Zellen
)U GLH ,VROLHUXQJ GHV 1 E]Z 1&PDUNLHUWHQ+ VDOLQDUXP )HUUHGR[LQV ZXUGH GHU
6WDPP 6 YHUZHQGHW 'LH =HOOHQ ZHUGHQ LQ +DORVWDQGDUGPHGLXP JH]RJHQ EHL GHP GDV
3HSWRQ GXUFKPDUNLHUWHV$OJHQSHSWRQ HUVHW]WZLUG )U GLH &0DUNLHUXQJZLUG DXHUGHP
NHLQ&LWUDW]XP0HGLXPJHJHEHQ
1DFK=XJDEHGHV3HSWRQVGHQS+:HUWDXIS+HLQVWHOOHQ
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

+DORVWDQGDUGPHGLXPRKQH3HSWRQ
1D&OSD J
0J62+2 J
.&O J
7ULV J
&LWUDW J
/|VXQJ,,, PO
0HWDOO|VXQJ mO
9LWDPLQO|VXQJmO
/|VXQJ,,,
J.+32+2XQGJ.+32DXIPO
0HWDOO|VXQJ
&D&O+2 PJ
&X62+2 PJ
)H&O+2 PJ
0Q62+2 PJ
=Q62+2 PJ
$VFRUELQVlXUH J
+2 DGPO
9LWDPLQO|VXQJ
7KLDPLQ PJ
)ROVlXUH PJ
%LRWLQ PJ
+2 DGPO
(VZLUG HLQH PO .XOWXUPLWPDUNLHUWHP+DORVWDQGDUGPHGLXP LQRNXOLHUW XQG DXV GLHVHU
ZHUGHQ QDFK IQI 7DJHQ DFKW  PO 9RUNXOWXUHQ DQJHLPSIW 1DFKGHP GLHVH IQI 7DJH
JHZDFKVHQVLQGZHUGHQVLH]XPO.XOWXUHQLQO.ROEHQJHJHEHQ'LH+DXSWNXOWXUHQ
ZHUGHQ QDFK  7DJHQ GXUFK =HQWULIXJDWLRQ EHL  USP LQ HLQHP *6 5RWRU  PLQ
]HQWULIXJLHUW'DV3HOOHWZLUGIUGLH$XIUHLQLJXQJGHV)HUUHGR[LQVYHUZHQGHW
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 3URWHLQH[SUHVVLRQXQG3URWHLQDXIUHLQLJXQJ
2.5.1 Prizipien der verschiedenen Säulenchromatographien
%HL GHU*HOILOWUDWLRQ HUIROJW GLH $XIWUHQQXQJ GHU 3URWHLQH QDFK LKUHP K\GURG\QDPLVFKHQ
'XUFKPHVVHU *HOILOWUDWLRQVVlXOHQ EHVWHKHQ DXV YHUVFKLHGHQ VWDUN YHUQHW]WHQ
7UlJHUPDWHULDOLHQZLH]%&HOOXORVHGLHHLQHSRU|VH0DWUL[DXVELOGHQ'LH3RUHQGHU0DWUL[
VLQG YHUVFKLHGHQ JUR XQG GDPLW VWHKHQ 3URWHLQHQ PLW YHUVFKLHGHQHQ 'XUFKPHVVHUQ
XQWHUVFKLHGOLFKH +RKOUlXPH ]XU 9HUIJXQJ *U|HUHQ 3URWHLQHQ EHVLW]HQ GHVKDOE HLQ
JHULQJHUHV(OXWLRQVYROXPHQDOVNOHLQHUH8PHLQHJXWH7UHQQXQJGHU3URWHLQH]XHUUHLFKHQ
VROOWHGHVDXIJHWUDJHQH3UREHQYROXPHQGHV6lXOHQYROXPHQVQLFKWEHUVFKUHLWHQ
%HLGHU,RQHQDXVWDXVFKHUFKURPDWRJUDSKLHZHUGHQGLH3URWHLQHLQ$EKlQJLJNHLWYRQ LKUHU
1HWWRODGXQJDXIJHWUHQQW$QLRQHQDXVWDXVFKHUPDWHULDOLHQEHVLW]HQSRVLWLYJHODGHQH*UXSSHQ
PLW GHQHQ GLH QHJDWLYHQ /DGXQJHQ GHU 3URWHLQH ZHFKVHOZLUNHQ -H JU|HU GLH QHJDWLYH
/DGXQJ HLQHV 3URWHLQV LVW GHVWR VWlUNHU ELQGHW HV DQ GLH 6lXOH XQG XPVR K|KHU PX GLH
6DO]NRQ]HQWUDWLRQ GHU (OXWLRQVO|VXQJ VHLQ XP GLH HOHNWURVWDWLVFKHQ :HFKVHOZLUNXQJHQ ]X
VFKZlFKHQ 'D )HUUHGR[LQH HLQH YHUJOHLFKVZHLVH KRKH QHJDWLYH 1HWWRODGXQJ DXIZHLVHQ
ODVVHQ VLH VLFK JXW EHU $QLRQHQDXVWDXVFKHUVlXOHQ DXIUHLQLJHQ 'LH
,RQHQWDXVWDXVFKHUFKURPDWRJUDSKLH OlW VLFK DXVVHUGHP JXW ]XP $XINRQ]HQWULHUHQ HLQHV
3URWHLQVQXW]HQ
Bei der hydrophoben Chromatographie werden Proteine abhängig von ihrer
Hydrophobizität aufgetrennt. Bei hoher Ionenstärke des Auftragspuffers binden die Proteine
über hydrophobe Wechselwirkungen an das Säulenmaterial, mit sinkender Ionenstärke des
Elutionspuffers nehmen die hydrophoben Kräfte ab und somit können die Proteine von der
Säule gewaschen werden. Auch in diesem Fall wird das Protein aufkonzentriert.
2.5.2 Überexpression von Fdxana
=XU([SUHVVLRQZHUGHQPO.XOWXUHQGHV%/'(5,/PLWGHP3ODVPLGS(7E)G[DQD
EHU1DFKWEHL&LQ7%PLW.DQDP\FLQXQG&KORUDPSKHQLFROJH]RJHQ'LHPO.XOWXU
ZLUG EHL J IU  PLQ DE]HQWULIXJLHUW XQG LQ HLQ SDDU 0LOOLOLWHUQ IULVFKHP 0HGLXP
UHVXVSHQGLHUW+LHUPLWZLUGHLQHO.XOWXULPO6FKLNDQHNROEHQDQJHLPSIWXQGQDFKHLQHU
6WXQGHEHL&XQGUSPZHUGHQPOHLQHU*OXFRVHO|VXQJ]XJHJHEHQ%HLHLQHU
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

2']ZLVFKHQZLUG0,37*]XHLQHU(QGNRQ]HQWUDWLRQYRQP0]XJHJHEHQ'LH
([SUHVVLRQHUIROJWIUKEHL&DQVFKOLHVVHQGZLUGEHLJIUPLQDE]HQWULIXJLHUW
2.5.3 Überexpression der GST-Fusionsproteine
)UGLH([SUHVVLRQGHU*67)XVLRQVSURWHLQHZHUGHQPO.XOWXUHQGHV%/'(5,/PLW
GHQHQWVSUHFKHQGHQ9HNWRUHQS*(;)G[:WS*(;)G[DQDS*(;)G[HTXLEHU
1DFKWEHL&LQ/%PLW$PSLFLOOLQJH]RJHQ'LHPO.XOWXUHQZHUGHQEHLJIU
PLQ DE]HQWULIXJLHUW XQG LQ IULVFKHP 0HGLXP UHVXVSHQGLHUW +LHUPLW ZLUG HLQH  O .XOWXU
DQJHLPSIWGLHEHL&XQGUSPJHVFKWWHOWZLUG%HLHLQHU2'YRQPLWP0
,37*LQGX]LHUW1DFKKEHL&ZHUGHQGLH=HOOHQGXUFK=HQWULIXJDWLRQEHLJ
PLQJHHUQWHW
2.5.4 Aufreinigung des Fdxana
'DV=HOOSHOOHWZLUGLQP07ULVS+DXIJHQRPPHQGHPHLQH6SDWHOVSLW]H'1$VHXQG
SURPOHLQH3URWHDVHLQKLELWRUWDEOHWWHRKQH('7$]XJHJHEHQZLUG'LH=HOOHQZHUGHQLQ
GUHL'XUFKJlQJHQ LQ GHU )UHQFK3UHVV DXIJHVFKORVVHQ XQG DQVFKOLHVVHQG PLQ EHL 
USP ]HQWULIXJLHUW'HUhEHUVWDQGZLUG DXI 0+DUQVWRII XQG P0'77 JHEUDFKW XQG
DQVFKOLHVVHQGHLQH6WXQGHLP6WLFNVWRIIVWURPJHUKUW(LQHUPO/|VXQJZHUGHQMHmO
P0 )H62 XQG  m01D6/|VXQJ ]XJHJHEHQ (V ZLUG ZHLWHUH  PLQ XQWHU 1
JHUKUW XQG GDQQ ZLUG GLH /|VXQJ PLW 1 JHVSOWHP  P0 7ULV3XIIHU S+  DXI 
YHUGQQW $QVFKOLHVVHQG ZHUGHQ QRFK HLQPDO PO VDXHUVWRIIJHVlWWLJWHU 7ULVSXIIHU
]XJHJHEHQ
,P%DWFKYHUIDKUHQZLUGGLH/|VXQJPLWPO'($(6HSKDFHOPLW01D&OP07ULV
S+ HTXLOLEULHUW IU HLQH6WXQGH EHL & JHUKUW1DFK NXU]HP6WHKHQ ODVVHQ XQJHIlKU
HLQH9LHUWHOVWXQGHZLUGHLQ*URVVWHLOGHVhEHUVWDQGHVDEJHQRPPHQXQGGDQQGLH'($(LQ
HLQH6lXOHJHSDFNW6LHZLUGPLW01D&OP07ULVS+VRODQJHJHZDVFKHQELVGHU
'XUFKODXIIDUEORVLVWE]ZGLH$EVRUSWLRQEHLQPDXIQXOO]XUFNJHJDQJHQLVWXQGGDQQ
ZLUGGDV)G[DQDPLW01D&OP01D+321D+32S+HOXLHUW
=XUZHLWHUHQ$XIUHLQLJXQJZLUGGHV(OXDW VRYHUGQQWGDVVGLH1D&O.RQ]HQWUDWLRQ0
LVW (V ZLUG DXI HLQH 6lXOH PLW GHP $QLRQHQDXVWDXVFKHUPDWHULDO 46HSKDURVH IDVW IORZ
HTXLOLEULHUW PLW 0 1D&O  P0 1D+32 1D+32 S+  DXIJHWUDJHQ XQG QDFK
HLQHP :DVFKVFKULWW PLW GHP $XIWUDJVSXIIHU ZLUG HLQ *UDGLHQW EHU  PO ELV ]X HLQHU
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

(QGNRQ]HQWUDWLRQ YRQ  0 1D&O DQJHOHJW 'DV )G[DQD LGHQWLIL]LHUEDU EHU GLH
$EVRUSWLRQHQEHLQPXQGQPHOXLHUWEHLHLQHU6DO]NRQ]HQWUDWLRQYRQHWZD0
(LQ ZHLWHUH $XIUHLQLJXQJ NDQQ GXUFK K\GURSKREH &KURPDWRJUDSKLH PLW +\GUR[\DSDWLW
HUIROJHQ +LHU]X ZLUG HLQ 6WXIHQJUDGLHQW YRQ  P0  P0 XQG DEVFKOLHVVHQG  P0
1DWULXPSKRVSKDWSXIIHUDQJHOHJW'HU OHW]WH5HLQLJXQJVVFKULWW EHVWHKW DXV HLQHU*HOILOWUDWLRQ
EHUHLQH6XSHURVH6lXOH
2.5.5 Aufreinigung der GST-Fusionsproteine
'DV =HOOSHOOHW ZLUG LQ 3%6 3XIIHU DXIJHQRPPHQ XQG GLH =HOOHQ SHU 8OWUDVFKDOO
DXIJHVFKORVVHQ'DV=HOOO\VDWZLUGIUPLQEHLUSPLP665RWRU]HQWULIXJLHUWXQG
GHP hEHUVWDQG ZLUG  ZY 7ULWRQ ; ]XJHVHW]W =X  PO /|VXQJ ZHUGHQ  PO
*OXWDWKLRQ6HSKDURVH%]XJHJHEHQGLHPLW3%6HTXLOLEULHUWZXUGH
'DV 6lXOHQPDWHULDO ZLUG EHL  J IU  PLQ DE]HQWULIXJLHUW XQG PLW GUHLPDO  PO 3%6
3XIIHUGXUFKZLHGHUKROWHV5HVXVSHQGLHUHQXQG$E]HQWULIXJLHUHQJHZDVFKHQ'LH$EVSDOWXQJ
GHV )HUUHGR[LQV YRQ GHU *OXWDWKLRQ67UDQIHUDVH PLW 7KURPELQ HUIROJW DXI GHU 6lXOH EHU
1DFKWEHL570LW3%6ZLUGGDVJHZQVFKWH3URWHLQYRQGHU6lXOHJHZDVFKHQ
2.5.6 Aufreinigung von Ferredoxin aus Halobakterien
'LH=HOOHQZHUGHQQDFK7DJHQGXUFK=HQWULIXJDWLRQEHLUSPLP*65RWRUIU
PLQJHHUQWHW'HU$XIVFKOXGHU=HOOHQHUIROJWHMHQDFK9HUZHQGXQJV]ZHFNHQWZHGHUGXUFK
8OWUDVFKDOORGHU'LDO\VHJHJHQ:DVVHU/HW]WHUH0HWKRGHZLUG HEHQIDOOV]XU ,VROLHUXQJYRQ
%DNWHULRUKRGRSVLQ DXV + VDOLQDUXP JHQXW]W 2HVWHUKHOW  'XUFK DQVFKOLHHQGH
=HQWULIXJDWLRQNDQQGLHKDXSWVlFKOLFKDXV%DNWHULRUKRGRSVLQEHVWHKHQGH3XUSXUPHPEUDQYRQ
GHQ O|VOLFKHQ =HOOEHVWDQGWHLOHQ JHWUHQQW ZHUGHQ 6RPLW NRQQWH EHL GHU NRVWVSLHOLJHQ
,VRWRSHQPDUNLHUXQJ GHU =HOOHQ PLW 1 XQG & SDUDOOHO ]XU )HUUHGR[LQDXIUHLQLJXQJ
PDUNLHUWHV %DNWHULRUKRGRSVLQ JHZRQQHQ ZHUGHQ 'DQDFK ZXUGH GDV =HOOO\VDW  K &
JHJHQ  $PPRQLXPVXOIDW GLDO\VLHUW RGHU HQWVSUHFKHQG GXUFK =XJDEH YRQ IHVWHP
$PPRQLXPVXOIDWPLQGHVWHQVKUKUHQXQG(LQVWHOOXQJGHVS+:HUWHVPLW3KRVSKDWSXIIHU
DXI HLQH .RQ]HQWUDWLRQ YRQ  JHEUDFKW 'XUFK HLQVWQGLJH 8OWUD]HQWULIXJDWLRQ EHL &
 USPPLW GHP 7L 5RWRU IU HLQH 6WXQGH ZHUGHQ DXVJHIDOOHQH 3URWHLQH DEJHWUHQQW
=XPhEHUVWDQGZLUGIHVWHV$PPQRQLXPVXOIDWJHJHEHQVRGDVVHLQH.RQ]HQWUDWLRQYRQ
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

HUUHLFKWZLUGGHUS+ZLUGPLW11D2+ZLHGHUDXIJHEUDFKW1DFKHLQHU6WXQGH5KUHQ
ZLUGZLHGHUEHLUSPIUHLQH6WXQGH]HQWULIXJLHUW
'LH ZHLWHUHQ 5HLQLJXQJVVFKULWWH ILQGHQ EHL 5DXPWHPSHUDWXU VWDWW 'HU hEHUVWDQG ZLUG DXI
HLQH6HSKDURVH%6lXOHJHJHEHQIUGLH$XIUHLQLJXQJDXVOHLQH6lXOHPLW«FP
FP ODQJ GLH YRUKHUPLW $PPRQLXPVXOIDWSXIIHU HTXLOLEULHUWZXUGH(VZLUGPLW 
$PPRQLXPVXOIDWSXIIHUJHZDVFKHQPOXQGHLQ*UDGLHQWELV]X$PPRQLXPVXOIDW
EHUOJHIDKUHQ'LH)UDNWLRQHQGHV3HDNVPLW$EVRUSWLRQHQEHLQPXQGQPZHUGHQ
]XVDPPHQJHJHEHQXQGGXUFK=XJDEHYRQIHVWHP$PPRQLXPVXOIDWZLHGHUDXIJHEUDFKW
'LHJHVDPPHOWHQ)UDNWLRQHQGHUHUVWHQ6lXOHZHUGHQDXIHLQH'($(6lXOH«FPFP
ODQJJHJHEHQXQGPLW$PPRQLXPVXOIDWSXIIHU HOXLHUW)DOOVGDV$EVRUSWLRQVYHUKlOWQLV
$QP$QPXQWHUOLHJWZLUGGLH$QLRQHQWDXVFKHUFKURPDWRJUDSKLHZLHGHUKROW
$QVRQVWHQ ZLUG GLH $PPRQLXPVXOIDWNRQ]HQWUDWLRQ GHV (OXDWV ZLHGHU DXI 
$PPRQLXPVXOIDWHLQJHVWHOOWXQGDXIHLQHNOHLQH0HQJH'($(JHJHEHQPLW+RFKVDO]SXIIHU
HOXLHUWXQGDXIGLHVHP:HJDXINRQ]HQWULHUW
%DVDOVDO]
01D&O J
P00J62+2 J
P0.&O J
P01D&LWUDW J
+2 DGO
PLW1D2+DXIS+HLQVWHOOHQDXWRNODYLHUHQ
(OXWLRQVSXIIHU IU GLH '($(6HSKDFHO XQG GLH 6HSKDURVH%&KURPDWRJUDSKLH GHV
)HUUHGR[LQVDXV+VDOLQDUXP
$PPRQLXPVXOIDWSXIIHU
 JO1+62
 JO
 JO
P01D+321D+32S+
+RFKVDO]SXIIHU
 01D&OP01D+321D+32S+
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

2.5.7 Aufreinigung des Ferredoxins aus H. volcanii
+YROFDQLL=HOOHQZXUGHQQDFK7DJHQ:DFKVWXPEHL&JHHUQWHW'DV=HOOSHOOHWZXUGH
LQ %DVDOVDO] DXIJHQRPPHQ XQG GLH =HOOHQ PLW 8OWUDVFKDOO DXIJHVFKORVVHQ $QVFKOLHHQG
ZXUGHJHJHQ$PPRQLXPVXOIDWGLDO\VLHUWXQGQDFK8OWUD]HQWULIXJDWLRQGHUhEHUVWDQGPLW
IHVWHP$PPRQLXPVXOIDWDXI1+62JHEUDFKW$XVJHIDOOHQH3URWHLQHZXUGHQGXUFK
=HQWULIXJDWLRQDEJHWUHQQWDQDORJ]X%HLP$XIWUDJGHVhEHUVWDQGHVDXIHLQHPLW
$PPRQLXPVXOIDW HTXLOLEULHUWH 6HSKDURVH%6lXOH ZXUGH GDV )HUUHGR[LQ VLFKWEDU DOV
EUDXQURWH%DQGHDXIGHP6lXOHQPDWHULDODXINRQ]HQWULHUW(OXWLRQPLWHLQHP*UDGLHQWHQYRQ
DXI$PPRQLXPVXOIDWXQGDQVFKOLHHQGH&KURPDWRJUDSKLHEHUHLQH'($(6lXOH
OLHIHUWHHLQEUDXQURWHV(OXDWZHOFKHV$EVRUSWLRQVPD[LPDEHLQPQPQPXQG
QPEHVLW]W
2.5.8 Reinigung von His-Tag Ferredoxin mit Hilfe einer Ni-NTA-Säule
%HLGHU0HWDOODIILQLWlWVFKURPDWRJUDSKLHPLW1L17$1LFNHO1LWULORWULHVVLJVlXUH6HSKDURVH
ZLUG GLH VSH]LILVFKH %LQGXQJ YRQ ,PLGD]ROJUXSSHQ DQ 1L,RQHQ JHQXW]W 'LH 1L,RQHQ
ZHUGHQYRQ1LWULORWULHVVLJVlXUHHLQHPYLHU]lKQLJHQ/LJDQGHQNRPSOH[LHUWXQGGDPLWDXIGHU
6HSKDURVH LPPRELOLVLHUW 6RPLW VLQG YLHU GHU VHFKV %LQGXQJVVWHOOHQ GHV 1L EHVHW]W GLH
IUHLHQ.RRUGLQDWLRQVVWHOOHQ N|QQHQ YRQ GHQ 6WLFNVWRIIDWRPHQ GHV ,PLGD]ROV EHOHJWZHUGHQ
'DUEHUN|QQHQ+LVWLGLQUHLFKH3URWHLQH DQGLH1L17$6lXOH ELQGHQ XQG GDPLW DEJHWUHQQW
ZHUGHQ
)HUUHGR[LQGDVHLQHQ+LV7DJDXV VHFKV DXIHLQDQGHU IROJHQGHQ+LVWLGLQHQEHVLW]WNDQQDXI
GLHVHP:HJ DXIJHUHLQLJW ZHUGHQ 'LH =HOOHQ ZHUGHQ LQ /\VHSXIIHU UHVXVSHQGLHUW XQG SHU
8OWUDVFKDOODXIJHVFKORVVHQ1DFKPLQ=HQWULIXJDWLRQEHLUSPLP665RWRUZLUG
GHU hEHUVWDQG DXI HLQH 1L17$ 6lXOH JHJHEHQ GLH PLW /\VHSXIIHU HTXLOLEULHUW ZXUGH
9HUXQUHLQLJXQJHQ ZHUGHQ PLW :DVFKSXIIHU HQWIHUQW XQG GDV +LV7DJ )HUUHGR[LQ PLW
(OXWLRQVSXIIHUYRQGHU6lXOHHOXLHUW
/\VHSXIIHU
1D&O 0
1D+32S+ P0
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

:DVFKSXIIHU
1D&O 0
1D+32S+ P0
,PLGD]RO P0
(OXWLRQVSXIIHU
1D&O 0
1D+32S+ P0
,PLGD]RO P0
2.5.9 Rekonstitution des HsFdx
'LH 5FNIDOWXQJ YRQ )HUUHGR[LQHQ HUIRUGHUW GLH =XJDEH YRQ (LVHQ XQG 6XOILGLRQHQ ]XU
/|VXQJGD HLQH JOHLFK]HLWLJH5HNRQVWLWXWLRQ GHV(LVHQ6FKZHIHO.RPSOH[HV QRWZHQGLJ LVW
)UGLH5FNIDOWXQJVYHUVXFKHZHUGHQ]XPOHLQHUP0+V)G[/|VXQJmO7&$
7ULFKORUHVVLJVlXUHDXI(LVLQmO3RUWLRQHQEHUHLQHQ=HLWUDXPYRQHLQHUKDOEHQ6WXQGH
]XJHJHEHQ $QVFKOLHHQG ZLUG GLH /|VXQJ  PLQ EHL  & JHVFKWWHOW 1DFK GHU
=HQWULIXJDWLRQ IUPLQEHL USPZLUGGHUhEHUVWDQG DEJHJRVVHQ XQG GDV3HOOHW LQ
mO/|VXQJ$DXIJHQRPPHQ'DV3URWHLQZLUGXQWHU6WLFNVWRIIPLQ LQGHU/|VXQJ$
LQNXELHUWXQGGDQQZHUGHQMHPOYRQP0/|VXQJHQ1D6XQG)H62]XJHJHEHQ'HU
$QVDW] ZLUG  PLQ EHL 5DXPWHPSHUDWXU VWHKHQ JHODVVHQ XQG GDQQ PLW /|VXQJ % DXI
LQVJHVDPWPOYHUGQQW
(VZLUGKJHJHQ/|VXQJ&GLDO\VLHUWXQGDEVFKOLHHQG1JHJHQ/|VXQJ'GLDO\VLHUW
/|VXQJ$
P07ULVS+
P0''7
0+DUQVWRII
/|VXQJ%
P07ULVS+
[01D&O
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/|VXQJ&
P07ULVS+
[01D&O
/|VXQJ'
P03KRVSKDWSXIIHUS+
[01D&O
2.5.10  Aufnahme von UV/VIS Spektren
)UGLH$EVRUSWLRQVPHVVXQJHQZXUGHGDV':D899,66SHNWUDOSKRWRPHWHUYRQ$PLQFR
EHQXW]W)ROJHQGH(LQVWHOOXQJHQZXUGHQVWDQGDUGPlVVLJHLQJHVHW]W
6SOLWVDPSOH	UHI GXDO
6OLW QP
5HVSRQVH PHGLXP
%DVHOLQHFRUUHFWLRQ RXW
:HOOHQOlQJHQEHUHLFK QP
&KRSSHUJHVFKZLQGLJNHLW QRUPDO
*HVFKZLQGLJNHLW QPV
'HU$EVRUSWLRQVEHUHLFKZXUGHMHQDFK.RQ]HQWUDWLRQGHU3UREH]ZLVFKHQJHZlKOW
)U WHPSHUDWXUDEKlQJLJH0HVVXQJHQ LVW HLQH7HPSHULHUXQJ GHV.YHWWHQKDOWHUV EHU HLQHQ
7KHUPRVWDWHQP|JOLFK 6RZRKO 3UREH DOV DXFK5HIHUHQ]ZXUGHQ EHL WHPSHUDWXUDEKlQJLJHQ
0HVVXQJHQJHUKUWXPHLQHQUDVFKHQ7HPSHUDWXUDXVJOHLFKLQQHUKDOEGHU.YHWWH]XJHZlKU
OHLVWHQ
(LQHÄODQJVDPH³7HPSHUDWXUHUK|KXQJFD&SUR0LQXWHNRPPWGDGXUFK]XVWDQGHGDVV
EHL57&EHJRQQHQZLUGXQGGHU7KHUPRVWDWDXI&JHVWHOOWZLUG
)UHLQÄVFKQHOOHV³$XIKHL]HQZLUGGLH3UREHQNYHWWHLQGLHDXI&YRUJHKHL]WH.YHWWHQ
KDOWHUXQJ JHVWHOOW ,QQHUKDOE YRQ FD PLQZLUG HLQH 7HPSHUDWXU YRQ  & HUUHLFKW FD
&PLQ
)U NLQHWLVFKH 0HVVXQJHQ NDQQ GLH =HLWVNDOD LP %HUHLFK YRQ  ELV  VLQFK YDULLHUW
ZHUGHQ
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

2.5.11 Circulardichroismus (CD)-Spektroskopie
'LH&'6SHNWURVNRSLHQXW]WGLHXQWHUVFKLHGOLFKH$EVRUSWLRQHLQHURSWLVFK DNWLYHQ6XEVWDQ]
YRQ OLQNV E]Z UHFKWVJHULFKWHWHP ]LUNXODU SRODULVLHUWHP /LFKW *HPHVVHQ ZLUG GLH
(OOLSWL]LWlW q LQ$EKlQJLJNHLWYRQlZHOFKHZLHIROJWGHILQLHUWLVW
( ) ( ) GF5/ ¼¼-= eelq 
ZREHLe IUGHQ$EVRUSWLRQVNRHIIL]LHQWHQYRQ OLQNVE]Z UHFKWVSRODULVLHUWHP/LFKW VWHKW F
IUGLH.RQ]HQWUDWLRQGHURSWLVFKDNWLYHQ6XEVWDQ]XQGG IUGLH6FKLFKWGLFNHGHU.YHWWH
'LH&'%DQGHQZHUGHQ DXFK DOV &RWWRQ(IIHNW EH]HLFKQHW (LQ 3URWHLQ ]HLJW DXIJUXQG GHU
&KLUDOLWlW VHLQHU 6HNXQGlUVWUXNWXUHOHPHQWH FKDUDNWHULVWLVFKH &RWWRQ(IIHNWH ]ZLVFKHQ
XQGQP
'LH VSH]LILVFKHQ&RWWRQ(IIHNWHHLQHV3URWHLQVGHVVHQ6HNXQGlUVWUXNWXUYRUZLHJHQG DXVa
+HOLFHVEHVWHKW VHW]HQVLFKDXVHLQHUQHJDWLYHQ%DQGHEHLQPQphEHUJlQJHXQG
EHL QP VRZLH HLQHU SRVLWLYHQ %DQGH EHL QP ]XVDPPHQ 'LH NXU]ZHOOLJHQ %DQGHQ
NRPPHQGXUFKpphEHUJlQJHGHU&DUERQ\OIXQNWLRQHQ]XVWDQGH
'LH DQWLSDUDOOHOH b)DOWEODWWNRQIRUPDWLRQ HLQHV 3URWHLQV LVW GLH 8UVDFKH IU HLQ 0LQLPXP
]ZLVFKHQELVQPXQGHLQ0D[LPXPEHLQP
2.5.12 Differential Scanning Calorimetry (DSC)
'LH :lUPHNDSD]LWlW HLQHV 3URWHLQV LVW EHL VHLQHU 'HQDWXULHUXQJ PD[LPDO 'LH DEVROXWH
bQGHUXQJ GHU :lUPHNDSD]LWlW HLQHV 3URWHLQV LQ $EKlQJLJNHLW YRQ GHU 7HPSHUDWXU LVW LP
9HUJOHLFK]XU:lUPHNDSD]LWlWGHU/|VXQJVHKUJHULQJ'DKHUZLUGGLHbQGHUXQJDOV:lUPH
NDSD]LWlWVGLIIHUHQ]]ZLVFKHQGHU3URWHLQO|VXQJXQGHLQHU5HIHUHQ]O|VXQJJHPHVVHQ
)UGLH%HUHFKQXQJGHU7HPSHUDWXU7PEHLGHUGLH(QWIDOWXQJGHV3URWHLQVVWDWWILQGHWZLUG
GLH :lUPHNDSD]LWlWVGLIIHUHQ] JHJHQ GLH 7HPSHUDWXU DXIJHWUDJHQ XQG GXUFK HLQH .XUYH
DQJHSDW ZHOFKH GHQ WKHRUHWLVFKHQ 9HUODXI GHU :lUPHNDSD]LWlWGLIIHUHQ] EHL GHU
'HQDWXULHUXQJGDUVWHOOW
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 6WUXNWXUEHVWLPPXQJDQKDQGGHU105'DWHQ
2.6.1 Theoretische Grundlagen
6HLW%HJLQQGHUHU-DKUHKDW.XUW:WKULFKGLH$QZHQGXQJGHU1051XFOHDU0DJQHWLF
5HVRQDQFH6SHNWURVNRSLHDXI3URWHLQHHWDEOLHUW,Q=XVDPPHQDUEHLWPLW5LFKDUG(UQVWKDWHU
GDYRQDXVJHKHQGGUHLGLPHQVLRQDOH0HWKRGHQHQWZLFNHOW
(LQLJH$WRPNHUQHZLH+&XQG1EHVLW]HQHLQPDJQHWLVFKHV0RPHQWmZHOFKHVGXUFK
GHQ TXDQWHQPHFKDQLVFKHQ 'UHKLPSXOV - GHV .HUQV DXFK 6SLQGUHKLPSXOV JHQDQQW
YHUXUVDFKW ZLUG )U GLH WKHRUHWLVFKH %HVFKUHLEXQJ GHU .HUQVSLQ]UHVRQDQ] ZHUGHQ ]ZHL
0HWKRGHQ HLQJHVHW]W =XP HLQHQ GHU NODVVLVFKH 9HNWRUIRUPDOLVPXV XQG ]XP DQGHUHQ GHU
TXDQWHQPHFKDQLVFKH3URGXNWRSHUDWRUIRUPDOLVPXV'HU9HNWRUIRUPDOLVPXVKDWGHQ9RUWHLO
GDVVHUGXUFKVHLQH$QDORJLH]X0RGHOOHQDXVGHU0HFKDQLNDQVFKDXOLFKHU LVWZlKUHQGGHU
3URGXNWRSHUDWRUIRUPDOLVPXV ]XP 9HUVWlQGQLV YRQ GUHL XQG YLHUGLPHQGLRQDOHQ 105
6SHNWUHQHUIRUGHUOLFKLVW ,PIROJHQGHQ$EVFKQLWWVROOHLQHNXU]H WKHRUHWLVFKH(LQIKUXQJ LQ
GLH 105 6SHNWURVNRSLH JHJHEHQ ZHUGHQ ]X GLHVHP =ZHFN ZLUG GHU 9HNWRUIRUPDOLVPXV
KHUDQJH]RJHQ
'HU6SLQGUHKLPSXOV-HLQHV$WRPVNHUQVLVWJHTXDQWHOWJHPl
h
v  += ,,- *OHLFKXQJ
PLW p
K=h 3ODQFNVFKHV:LUNXQJVTXDQWXP
'LH.HUQVSLQTXDQWHQ]DKO,HLQHV$WRPVNDQQIROJHQGH:HUWHKDEHQ
I = 0, ½, 1, 1½, ...
,Q HLQHPPDJQHWLVFKHQ )HOG EW GHU 6SLQGUHKLPSXOV HLQ PDJQHWLVFKHV0RPHQW m DXI GHQ
.HUQDXV
-rr ¼= gm XQG  +¼= ,,hr gm *OHLFKXQJ
'LH 3URSRUWLRQDOLWlWVNRQVWDQWH g LVW FKDUDNWHULVWLVFK IU HLQH .HUQVRUWH XQG ZLUG DOV J\UR
PDJQHWLVFKHV9HUKlOWQLVEH]HLFKQHW-HJU|HUgLVWGHVWRK|KHULVWGLH(PSILQGOLFKNHLWGHV
,VRWRSVLQGHU1056SHNWURVNRSLH
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

7DEHOOH(LJHQVFKDIWHQYHUVFKLHGHQHU,VRWRSH
.HUQLVRWRS 6SLQ, QDWUOLFKH
+lXILJNHLWLQ
*\URPDJQHWLVFKHV9HUKlOWQLVg UDG7V
+ ò  
&   
& ò  
1   
1 ò  
,QHLQHPPDJQHWLVFKHQ)HOGRULHQWLHUWVLFKGHU6SLQGUHKLPSXOV-VRGDVVVHLQH.RPSRQHQWH
LQ)HOGULFKWXQJ-]HLQKDOERGHUJDQ]]DKOLJHV9LHOIDFKHVGHV3ODQNVFKHQ:LUNXQJVTXDQWXP
LVW
hh ¼¼=Ã¼= gm PP- == *OHLFKXQJ
Die magnetische Quantenzahl m kann ganzzahlige Werte von -I bis +I annehmen, es gibt also
2I+1 Möglichkeiten der Orientierung.
$EELOGXQJ0|JOLFKNHLWHQGHU2ULHQWLHUXQJGHV6SLQGUHKLPSXOVHV]XP0DJQHWIHOG
%HL HLQHP 6SLQ YRQ ò JLEW HV ]ZHL P|JOLFKH 2ULHQWLHUXQJHQ SDUDOOHO ]XP lXHUHQ
0DJQHWIHOGP òXQGDQWLSDUDOOHOP ò
'LH (QHUJLH GHU EHLGHQ 1LYHDXV HUJLEW VLFK DXV GHU NODVVLVFKHQ )RUPHO IU HLQHQ
PDJQHWLVFKHQ'LSROLQHLQHPKRPRJHQHQ0DJQHWIHOGGHU6WlUNH%
 %P%( = ¼¼¼-=-= hgm *OHLFKXQJ
'LH(QHUJLHGLIIHUHQ]GHUEHLGHQ=XVWlQGHLVWEHLDP 
%( ¼¼=D hg                  *OHLFKXQJ
%]
-]
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

XQGDXV( KnIROJW
p
gn  
%¼= *OHLFKXQJ
'LH EHLGHQ OHW]WHQ )RUPHOQ ]HLJHQ GHXWOLFK GLH $EKlQJLJNHLW GHU (QHUJLH XQG GDPLW GHU
5HVRQDQ]IUHTXHQ]YRQGHU6WlUNHGHVDQJHOHJWHQ0DJQHWIHOGHV
)UKHU ZXUGH EHL NRQVWDQWHP0DJQHWIHOG % GLH )UHTXHQ] GHU HLQJHVWUDKOWHQ 5DGLRZHOOHQ
YDULLHUW XQG LKUH $EVRUSWLRQ GXUFK GLH 3UREH JHPHVVHQ XP GLH 5HVRQDQ]EHGLQJXQJHQ ]X
EHVWLPPHQ +HXWH ZLUG PLW GHU )RXULHU7UDQVIRUPDWLRQV )7105 6SHNWURVNRSLH
JHDUEHLWHW'DEHLZLUGHLQNXU]HU5DGLRSXOVGHU)UHTXHQ]n]XU$QUHJXQJJHQXW]W(QHUJLH
XQG=HLWVLQGNRPSOHPHQWlUXQGQDFKGHU+HLVHQEHUJVFKHQ8QVFKlUIHUHODWLRQHUKlOWPDQEHL
NXU]HU$QUHJXQJVGDXHU HLQ)UHTXHQ]EDQGXPn KHUXP6R HUUHLFKWPDQ HLQH JOHLFK]HLWLJH
$QUHJXQJPHKUHUHU.HUQVSLQVZRPLWHLQHVFKQHOOHUH6SHNWUHQDXIQDKPHP|JOLFKZLUG
$EELOGXQJ$XVOHQNXQJGHUUHVXOWLHUHQGHQ0DJQHWLVLHUXQJGXUFK$QOHJHQHLQHV0DJQHWIHOGHV
2.6.2 Vektormodell
'LH%HOHJXQJGHU(QHUJLH]XVWlQGHSDUDOOHOSXQGDQWLSDUDOOHOD]XP0DJQHWIHOGIROJW LP
WKHUPLVFKHQ*OHLFKJHZLFKWGHU%ROW]PDQQYHUWHLOXQJNE%ROW]PDQQNRQVWDQWH
1D1S HD(NE7 *OHLFKXQJ
'DNHLQH*OHLFKYHUWHLOXQJ]ZLVFKHQGHQEHLGHQ=XVWlQGHQEHVWHKWJLEWHVHLQHUHVXOWLHUHQGH
0DJQHWLVLHUXQJ HQWODQJ GHU ]$FKVH :LUG HLQH HOHNWURPDJQHWLVFKH :HOOH LQ )RUP HLQHV
5DGLRSXOVHV HLQJHVWUDKOW ZLUG HLQ ]ZHLWHV 0DJQHWIHOG % LQGX]LHUW GDV DXFK HLQH
.RPSRQHQWHLQGHU[\(EHQHHQWKlOW'LH0DJQHWLVLHUXQJ0EHJLQQWXP%]XSUl]HVVLHUHQ
[
\
]
%
[
\
]
%
%
0
0
[
\
]
%
0
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'XUFKHLQHQ3XOVZLUGHUUHLFKWGDVVGLHUHVXOWLHUHQGH0DJQHWLVLHUXQJNRPSOHWWLQGLH[\
(EHQHDXVJHOHQNWZLUG
1DFKGHPGHU5DGLRSXOVEHHQGHWLVWLQGX]LHUWGLH3Ul]HVVLRQYRQ0XP%5DGLRVLJQDOHGHQ
VRJHQDQQWHQÄ)UHH ,QGXFWLRQ'HFD\³),'ZHOFKHU H[SRQHQWLHOOPLWGHU=HLW DENOLQJW0LW
+LOIHGHU)RXULHU7UDQVIRUPDWLRQ)7HUKlOWPDQDXVGHP),'GDV)UHTXHQ]VSHNWUXP
$EELOGXQJ*UDSKLVFKH'DUVWHOOXQJGHU)RXULHUWUDQVIRUPDWLRQ
0DQ XQWHUVFKHLGHW ]ZHL 5HOD[DWLRQV]HLWHQ ]XP HLQHQ GLH 5HOD[DWLRQV]HLW 7 LQ GHU GLH
WUDQYHUVDOH 0DJQHWLVLHUXQJ 0[\ JHJHQ 1XOO JHKW XQG ]XP DQGHUHQ 7 LQ GHU GLH
ORQJLWXGLQDOH0DJQHWLVLHUXQJDXILKUHQXUVSUQJOLFKHQ:HUW]XUFNJHKW
)U3URWRQHQOLHJW7LP%HUHLFKYRQHLQHUELV]XPHKUHUHQ6HNXQGHQ7YDULLHUW]ZLVFKHQ
XQGPV'LH5DGLRSXOVHGDXHUQQXUHLQLJHmVGHVKDOEZLUGGLH5HOD[DWLRQZlKUHQGGHV
3XOVHVYHUQDFKOlVVLJW
'LH ORQJLWXGLQDOH XQG GLH WUDQVYHUVDOH 5HOD[DWLRQ VLQG DXI XQWHUVFKLHGOLFKH
:HFKVHOZLUNXQJHQ]XUFN]XIKUHQ7ZLUGDOV6SLQ*LWWHU5HOD[DWLRQEH]HLFKQHWGDVLHDXI
:HFKVHOZLUNXQJHQ GHV 6SLQV PLW GHU 8PJHEXQJ ]XUFN]XIKUHQ LVW 'LH WUDQVYHUVDOH
5HOD[DWLRQ7EHUXKWDXI:HFKVHOZLUNXQJHQGHU6SLQVXQWHUHLQDQGHUXQGZLUGGHVKDOE6SLQ
6SLQ5HOD[DWLRQJHQDQQW
2.6.3 Aufnahme von NMR-Spektren: 1D-NMR-Experiment
(LQ '105([SHULPHQW EHVWHKW DXV ]ZHL 3KDVHQ 'HU 3UlSDUDWLRQ XQG GHU 'HWHNWLRQ
:lKUHQGGHU3UlSDUDWLRQZLUGGDV6SLQV\VWHPLQHLQHQGHILQLHUWHQ=XVWDQGJHEUDFKW'HU),'
ZLUGZlKUHQGGHU'HNWHNWLRQVSKDVHDXIJH]HLFKQHW
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ'105([SHULPHQW
3XOV),'
BBBBBBBBBBBBBBBBB BBBBWBBBBBBBBBBBBBB3UlSDUDWLRQ ¢'HWHNWLRQ
1DFKGHPGDV6\VWHPZLHGHU]XP$XVJDQJV]XVWDQG]XUFNJHNHKUW LVWNDQQGDV([SHULPHQW
ZLHGHUKROWZHUGHQ'XUFKHLQHhEHUODJHUXQJGHUYHUVFKLHGHQHQ(UJHEQLVVHZLUGGDV6LJQDO
5DXVFK9HUKlOWQLVYHUEHVVHUW'LH)RXULHU7UDQVIRUPDWLRQOLHIHUWGLH5HVRQDQ]IUHTXHQ]HQGHU
.HUQVSLQEHUJlQJH
'LH5HVRQDQ]IUHTXHQ] HLQHV3URWRQVKlQJWYRQ VHLQHU FKHPLVFKHQ8PJHEXQJ DE ,Q HLQHP
0ROHNO HU]HXJHQ GLH XPJHEHQGHQ(OHNWURQHQ HLQ VFKZDFKHV0DJQHWIHOGZHOFKHV VLFK ]X
GHP+DXSWIHOG%DGGLHUW'LHVHU(IIHNWZLUGDOVFKHPLVFKH9HUVFKLHEXQJEH]HLFKQHW
'HU:HUWGHUFKHPLVFKHQ9HUVFKLHEXQJs ZLUGLQSSPSDUWVSHUPLOOLRQLQ%H]XJDXIHLQHQ
6WDQGDUGGHILQLHUW
s >w6LJQDOw5HIHUHQ]w5HIHUHQ]@SSP *OHLFKXQJ
'LH FKHPLVFKH9HUVFKLHEXQJ LVW LP*HJHQVDW] ]XGHU)UHTXHQ] XQDEKlQJLJ YRQ GHU6WlUNH
GHV0DJQHWIHOGHV%R%HL3URWHLQHQNDQQPDQ+1+aDURPDWLVFKHXQGDOLSKDWLVFKH3URWRQHQ
DQKDQGLKUHUFKDUDNWHULVWLVFKHQFKHPLVFKHQ9HUVFKLHEXQJXQWHUVFKHLGHQ
'XUFK VNDODUH .RSSOXQJ EHU GLH (OHNWURQHQ GHU $WRPELQGXQJ ZLUG GLH 0DJQHWLVLHUXQJ
]ZLVFKHQEHQDFKEDUWHQ.HUQHQEHUWUDJHQ'LHVIKUW]XHLQHU$XIVSDOWXQJLKUHU6LJQDOHLP
1056SHNWUXPGDGLHSDUDOOHOHRGHUDQWLSDUDOOHOH6WHOOXQJHLQHV.HUQVSLQVGLH(QHUJLHGHU
SDUDOOHOHQ XQG DQWLSDUDOOHOHQ $XVULFKWXQJ GHV JHNRSSHOWHQ .HUQVSLQV EHHLQIOXW 'LH
$XIVSDOWXQJVEUHLWH GHU 6LJQDOH LVW DEKlQJLJ YRQ GHU 6WlUNH GHU .RSSOXQJ XQG ZLUG DOV
.RSSOXQJVNRQVWDQWH-EH]HLFKQHW'LH6WlUNHGHV0DJQHWIHOGHV%KDWNHLQHQ(LQIOXDXIGLH
*U|HGHU.RSSOXQJVNRQVWDQWHQ,QGHU5HJHON|QQHQVNDODUH.RSSOXQJHQEHUHLQH%LQGXQJ
- ]ZHL%LQGXQJHQ - JHPLQDOH.RSSOXQJ XQG GUHL %LQGXQJHQ - YLFLQDOH.RSSOXQJ
EHREDFKWHWZHUGHQ
'LHYLFLQDOH.RSSOXQJ-KlQJWYRQGHP7RUVLRQVZLQNHOGHUEHLGHQ3URWRQHQDEZREHLGLH
6WlUNHGHU.RSSOXQJGXUFKGLH.DUSOXV%H]LHKXQJEHVFKULHEHQZLUG
-f $FRVf%FRVf& *OHLFKXQJ
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

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5
+L
+a
7RUVLRQVZLQNHOf
-+1+a.RSSOXQJ
%HL $ % XQG & KDQGHOW HV VLFK XP HPSLULVFK EHVWLPPWH .RQVWDQWHQ )U GLH
6WUXNWXUEHVWLPPXQJYRQ3URWHLQHQVLQGGLH -+1+a.RSSOXQJVNRQVWDQWHQZLFKWLJ GD VLH
$XIVFKOXEHUGHQ7RUVLRQVZLQNHOfGHV3URWHLQUFNJUDWVJHEHQ
$EELOGXQJ7RUVLRQVZLQNHOf.
'LH GLSRODUH .RSSOXQJ NRPPW GXUFK :HFKVHOZLUNXQJ UlXPOLFK EHQDFKEDUWHU .HUQVSLQV
]XVWDQGH'LH6WlUNHGHU.RSSOXQJLVWXPJHNHKUWSURSRUWLRQDO]XLKUHP$EVWDQG
-'LSROU *OHLFKXQJ
'DPLWHLQ0DJQHWLVLHUXQJVWUDQIHUEHUGLSRODUH.RSSOXQJVWDWWILQGHQNDQQGUIHQGLH.HUQH
QLFKWZHLWHUDOVcYRQHLQDQGHUHQWIHUQWVHLQ
2.6.4 Zwei- und mehrdimensionale NMR Spektroskopie
%HL GHU PHKUGLPHQVLRQDOHQ 105 6SHNWURVNRSLH NRPPHQ ]XU 3UlSDUDWLRQV XQG
'HWHNWLRQV]HLW QRFK ]ZHL ZHLWHUH (OHPHQWH KLQ]X 'HU 3UlSDUDWLRQV]HLW ZLUG HLQH
(YROXWLRQV]HLW DQJHVFKORVVHQ ZlKUHQG GHUHU GLH 6SLQV IUHL SUl]HGLHUHQ N|QQHQ 0LW GHU
GDUDXIIROJHQGH0LVFKVHTXHQ] ZLUG GLH0DJQHWLVLHUXQJ YRP HUVWHQ .HUQ DXI DQGHUH GXUFK
VNDODUHRGHUGLSRODUH.RSSOXQJEHUWUDJHQ
$EELOGXQJ'105([SHULPHQW
\ \),'
BBBBBBBBBBBBBBBBB BBBBWBBBBBBBBBBBB BBBBWBBBBBBBBBBBBBB3UlSDUDWLRQ(YROXWLRQ0LVFK]HLW'HWHNWLRQ
'LH)RXULHU7UDQVIRUPDWLRQQDFKWOLHIHUWHLQJHZ|KQOLFKHVHLQGLPHQVLRQDOHV6SHNWUXPGDV
HLQH0RPHQWDXIQDKPHQDFKJHJHEHQHU=HLWWGDUVWHOOW)UHLQ]ZHLGLPHQVLRQDOHV6SHNWUXP
ZLUG GLH =HLW W LQNUHPHQWZHLVH HUK|KW XQG VR GLH ]HLWOLFKH (QWZLFNOXQJ GHU 6SLQV\VWHPH
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

ZlKUHQG XQWHUVFKLHGOLFK ODQJHU (YROXWLRQV]HLWHQ YHUIROJW 'XUFK HLQH ZHLWHUH
)RXULHUWUDQVIRUPDWLRQQDFKWHUKlOWPDQGDV'6SHNWUXP
,Q HLQHP KRPRQXNOHDUHQ '6SHNWUXP OLHJHQ GLH HQWVSUHFKHQGHQ LP '6SHNWUXP ]X
EHREDFKWHQGHQ6LJQDOH DXIGHU'LDJRQDOHQ$EVHLWVYRQGHU'LDJRQDOHQ OLHJHQ6LJQDOHYRQ
]ZHL.HUQHQ GLHZlKUHQG GHU0LVFK]HLW0DJQHWLVLHUXQJVDQWHLOH DXVJHWDXVFKW KDEHQ'LHVH
VRJHQDQQWHQ.UHX]VLJQDOHHQWVWHKHQDOVRGXUFK.RSSOXQJ]ZHLHU.HUQVSLQVPLWHLQDQGHU
,QHLQHP&26< &RUUHODWLRQ6SHFWURVFRS\([SHULPHQWHUIROJWGHU0DJQHWLVLHUXQJVWUDQVIHU
GXUFKVNDODUH.RSSOXQJ'HVKDOEVLQGQXU.UHX]VLJQDOH IU3URWRQHQ]XHUZDUWHQ]ZLVFKHQ
GHQHQ QLFKW PHKU DOV GUHL %LQGXQJHQ OLHJHQ :LFKWLJH ,QIRUPDWLRQHQ OLHIHUW HLQ &26<
6SHNWUXPEHUGLH.RSSOXQJVNRQVWDQWH ]ZLVFKHQ+1 XQG+a HLQHU$PLQVRVlXUHXQGGDPLW
EHUGHQ7RUVLRQVZLQNHOf GHV3URWHLQUFNJUDWHV
,Q HLQHP 72&6< 7RWDO &RUUHODWLRQ 6SHFWURVFRS\([SHULPHQW ZHUGHQ PHKUHUH
DXIHLQDQGHUIROJHQGH0DJQHWLVLHUXQJVWUDQVIHUV EHU VNDODUH .RSSOXQJHQ EHZLUNW 'XUFK GLH
3HSWLGELQGXQJ VLQG 3URWRQHQ YRQ ]ZHL YHUVFKLHGHQHQ $PLQRVlXUHQ GXUFK PLQGHVWHQV YLHU
%LQGXQJHQ JHWUHQQW ,Q HLQHP 72&6< 6SHNWUXP VLQG DOVR QXU .UHX]VLJQDOH IU 3URWRQHQ
HLQHU$PLQRVlXUH]XVHKHQVLHZHUGHQDOV6SLQV\VWHPEH]HLFKQHW
$QKDQGGHVW\SLVFKHQ0XVWHUVNDQQ]%*O\FLQHLQZDQGIUHLDQKDQGGHU&26<XQG72&6<
6SHNWUHQ LGHQWLIL]LHUW ZHUGHQ (V LVW GLH HLQ]LJH $PLQRVlXUH GLH ]ZHLa 3URWRQHQ EHVLW]W
6HULQ XQG &\VWHLQ KLQJHJHQ ZHLVHQ LGHQWLVFKH 6SLQV\VWHPH DXI GD VLH MHZHLOV HLQH &+
*UXSSHLQb6WHOOXQJWUDJHQ
,QHLQHP12(6<1XFOHDU2YHUKDXVHUDQG([FKDQJH6SHNWURVNRSLH([SHULPHQWHUIROJWGHU
0DJQHWLVLHUXQJVWUDQVIHUEHUGLSRODUH.RSSOXQJHQGK]ZLVFKHQUlXPOLFKHQJEHQDFKEDUWHQ
.HUQHQ1HEHQ GHQ.UHX]VLJQDOHQ ]ZLVFKHQ.HUQHQ GLH DXIJUXQG GHU 3ULPlUVHTXHQ] QDKH
]XVDPPHQOLHJHQNDQQHLQH.RSSOXQJ]ZLVFKHQ.HUQHQEHREDFKWHWZHUGHQGLHDXIJUXQGGHU
6HNXQGlUXQGGHU7HUWLlUVWUXNWXUGHV3URWHLQVZHQLJHUDOVcYRQHLQDQGHUHQWIHUQWVLQG
'LH hEHUODJHUXQJ GHU 12(6< PLW GHQ &26< XQG 72&6< 6SHNWUHQ ]HLJW ZHOFKH
.UHX]VLJQDOHQXU LP12(6<6SHNWUXP]X ILQGHQ VLQG DOVR GXUFK.RSSOXQJ YRQ3URWRQHQ
YHUVFKLHGHQHU $PLQRVlXUHQ ]XVWDQGH NRPPHQ 'LH 6WlUNH GHU 12(6<6LJQDOH LVW VWDUN
DEKlQJLJYRQGHU(QWIHUQXQJGHU.HUQHXQWHUHLQDQGHU'DHLQHTXDQWLWDWLYH$XVZHUWXQJQLFKW
P|JOLFK LVWZHUGHQGLH6LJQDOH LQGUHL.ODVVHQHLQJHWHLOW)UVWDUNH.UHX]VLJQDOHZLUGGLH
'LVWDQ]EHVFKUlQNXQJEHLGHU6WUXNWXUEHUHFKQXQJDXIcJHVHW]WGHU$EVWDQGYRQ.HUQHQ
GLHHLQPLWWOHUHV6LJQDOJHEHQZLUGDXIcJHVHW]WXQGIUVFKZDFKH:HFKVHOZLUNXQJHQ
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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ZLUG HLQH(QWIHUQXQJYRQc ]XJHODVVHQ'LH GLSRODUH.RSSOXQJ ]ZLVFKHQ GHQ.HUQVSLQV
OLHIHUWDOVRGLH*UXQGODJHIUGLH6WUXNWXUEHUHFKQXQJHLQHV3URWHLQV
-HJU|HUHLQ3URWHLQLVWGHVWRVWlUNHULVWGLHhEHUODJHUXQJGHU6LJQDOHLQGHQYHUVFKLHGHQHQ
6SHNWUHQ$XHUGHPZLUGGLHWUDQVYHUVDOH5HOD[DWLRQV]HLW7NOHLQHUZHQQGLH%HZHJXQJGHV
0ROHNOV ODQJVDPHUZLUG'LHV IKUW GD]X GDVV HLQ*URWHLO GHU0DJQHWLVLHUXQJ VFKRQ LP
9HUODXIGHU3XOVVHTXHQ]DENOLQJWXQGQLFKWPHKUGHWHNWLHUEDULVW6RPLWIHKOWHLQH5HLKHYRQ
6LJQDOHQLP&26<XQG72&6<ZDVGLH,GHQWLIL]LHUXQJYRQ6SLQV\VWHPHQXQP|JOLFKPDFKW
(LQHEHVVHUH$XIO|VXQJGHU6SHNWUHQNDQQPLW+LOIHGHUKHWHURQXNOHDUHQ1056SHNWURVNRSLH
HUUHLFKW ZHUGHQ 'DV +64& +HWHURQXFOHDU 6LQJOH 4XDQWXP &RKHUHQFH([SHULPHQW
YHUZHQGHW GHQ0DJQHWLVLHUXQJVWUDQIHU YRQ HLQHP 3URWRQ DXI HLQHQ +HWHURNHUQ XQGZLHGHU
]XUFN'DV1+64&VWHOOWGDEHLHLQHVGHUZLFKWLJVWHQ105([SHULPHQWHGDU ,QGLHVHP
'6SHNWUXPHUKlOWPDQ6LJQDOHIU3URWRQHQGLHDQHLQ6WLFNVWRIIJHNRSSHOWVLQGDOVRGLH
$PLGSURWRQHQ+1XQGGLH3URWRQHQGHU6HLWHQNHWWHQDPLQRIXQNWLRQHQ
'LH GULWWH XQG YLHUWH 'LPHQVLRQ LQ GHU 1056SHNWURVNRSLH ZLUG GXUFK GLH (LQIKUXQJ
ZHLWHUHU(YROXWLRQVXQG0LVFK]HLWHQYRUGHU'HWHNWLRQVSKDVHHUUHLFKW=XXQWHUVFKHLGHQVLQG
'([SHULPHQWH GLH GXUFK 9HUNQSIXQJ YRQ ]ZHL '([SHULPHQWHQ HQWVWHKHQ XQG
7ULSHOUHVRQDQ]H[SHULPHQWHEHLGHQHQGUHLYHUVFKLHGHQH.HUQHDQJHUHJWZHUGHQ
'LH9HUNSIXQJ]ZHLHU'([SHULPHQWHILQGHW]%LP72&6<+64&VWDWW,P3ULQ]LSZLUG
GDVGLPHQVLRQDOH6SHNWUXPGHU3URWRQHQUHVRQDQ]HQGXUFKGLH.RSSOXQJPLW+HWHURNHUQHQ
ZLH1XQG&LQGLHGULWWH'LPHQVLRQHQW]HUUW
$EELOGXQJ'UHL'LPHQVLRQHQHLQHV72&6<+64&6SHNWUXPV
'HU9RUWHLOGHU7ULSHOUHVRQDQ]H[SHULPHQWHOLHJWLQGHUJHULQJHQ6LJQDOEHUODJHUXQJXQGGHP
HIIL]LHQWHQ0DJQHWLVLHUXQJVWUDQVIHUGDGLH.RSSOXQJQXUEHU VWDUNH -XQG -.RSSOXQJHQ
HUIROJW%HLGHU%HQHQQXQJGHU([SHULPHQWHZHUGHQGLH.HUQHGHU5HLKHQDFKDXIJHOLVWHWDXI
ZHOFKH GLH0DJQHWLVLHUXQJ EHUWUDJHQZLUG 'LH .HUQH GHUHQ 5HVRQDQ]HQ QLFKW GHWHNWLHUW
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

ZHUGHQZHUGHQ LQ.ODPPHUQ JHVHW]W%HLP+1&$([SHULPHQW ILQGHWGLHhEHUWUDJXQJGHU
0DJHQWLVLHUXQJYRP$PLGSURWRQ+LEHUGHQ$PLGVWLFNVWRII1L DXIHLQa.RKOHQVWRIIDWRP
VWDWWGLH5HVRQDQ]HQGHUGUHL.HUQHZHUGHQGHWHNWLHUW'DEHLNDQQ VRZRKO&L DOV DXFK&L
DQJHUHJW ZHUGHQ ,P +1&2 ([SHULPHQW LVW GLH .RUUHODWLRQ HLQHV $PLGSURWRQV PLW GHP
&DUERQ\ONRKOHQVWRIIGHUYRUKHUJHKHQGHQ$PLQRVlXUH]XVHKHQ'HU0DJQHWLVLHUXQJVWUDQVIHU
DXIGHQLQWUDUHVLGXHOOHQ&DUERQ\ONRKOHQVWRIIZUGHEHU+1&$&2HUIROJHQ
2.6.5 Signalzuordnung
%HYRUGLH3URWRQHQDEVWlQGHXQG%LQGXQJVZLQNHOIUGLH6WUXNWXUEHUHFKQXQJHLQHP6SHNWUXP
HQWQRPPHQZHUGHQN|QQHQPXVV]XHUVWHLQHP|JOLFKVWYROOVWlQGLJH=XRUGQXQJGHU6LJQDOH
]XGHQHLQ]HOQHQ3URWRQHQGHV3URWHLQV HUIROJHQ.XUW:WKULFKKDW ]XGLHVHP=ZHFN HLQH
0HWKRGHHQWZLFNHOWGLHDOVVHTXHQ]VSH]LILVFKH=XRUGQXQJ VHTXHQFHVSHFLILFDVVLJQPHQW
EH]HLFKQHW ZLUG ,Q GHU 3ULPlUVHTXHQ] EHQDFKEDUWH $PLQVRVlXUHQ ZHUGHQ DQKDQG LKUHU
.UHX]VLJQDOH LP12(6<6SHNWUXPHUNDQQW ,QWHUUHVLGXHOOH XQG LQWUDUHVLGXHOOH.RSSOXQJHQ
N|QQHQGXUFKGHQ9HUJOHLFKGHV12(6<6SHNWUXPVPLWGHQ&26<XQG72&6<6SHNWUHQ
LGHQWLIL]LHUWZHUGHQ$XVGHQ&26<XQG72&6<6SHNWUHQ HUKlOWPDQGLH ,QIRUPDWLRQXP
ZHOFKHQ$PLQRVlXUHW\SHVVLFKKDQGHOWXQGGDV12(6<6SHNWUXPOLHIHUWLKUH5HLKHQIROJH
6WDUNH6LJQDOEHUODJHUXQJHQXQGGDV)HKOHQYRQ6HLWHQNHWWHQVLJQDOHQLP72&6<NDQQHLQH
=XRUGQXQJDOOHLQDQKDQGGHUGLPHQVLRQDOHQ6SHNWUHQXQP|JOLFKPDFKHQ
$XV HLQHP +1&$ 6SHNWUXP LVW GLH .RSSOXQJ HLQHV $PLGSURWRQV PLW GHP &a GHU
YRUDQJHKHQGHQ $PLQRVlXUH HUNHQQEDU hEHUODJHUW PDQ HLQ +1&$ 6SHNWUXP PLW HLQHP
+1&2&$ 6SHNWUXP EHL GHP GHU0DJQHWLVLHUXQJVWUDQVIHU EHU GHQ &DUERQ\ONRKOHQVWRII
QXU]XP&aGHUYRUKHUJHKHQGHQ$PLQRVlXUHVWDWWILQGHWNDQQPDQLQWUDXQG LQWHUUHVLGXHOOH
.RSSOXQJHQLP+1&$XQWHUVFKHLGHQ%HLHLQHU(QWDUWXQJYRQ&a5HVRQDQ]HQYHUVFKLHGHQHU
$PLQRVlXUHQ NDQQ ]XP %HLVSLHO HLQ +1&2 EHL GHU =XRUGQXQJ GHU 6LJQDOH KHOIHQ 'LH
VHTXHQWLHOOH=XRUGQXQJOLHIHUWGLH.RQQHNWLYLWlWHQGHU6SLQV\VWHPH'LH$UWGHU$PLQRVlXUH
ZLUGPLW+LOIHYRQ+&&+72&6<XQG+&&+&26<([HULPHQWHQHUKDOWHQ'LH=HLWGDXHU
GHV0DJQHWLVLHUXQJVWUDQVIHUV LVW SURSRUWLRQDO ]X - RGHU - MH QDFK$UW GHV 105
([SHULPHQWHV'HU:HUWGHU-&&.RSSOXQJ OLHJWPLW+]GHXWOLFKK|KHUDOVGLH-XQG-
.RSSOXQJVNRQVWDQWHQ YRQ HLQLJHQ +HUW] GHU 3URWRQHQ 'HVKDOE NDQQ GHU0LVFKSUR]HVV LP
+&&+([SHULPHQW GHXWOLFK VFKQHOOHU HUIROJHQ XQG VR VLQG GLH 9HUOXVWH GXUFK 5HOD[DWLRQ
ZlKUHQGGHU3XOVGDXHUZHVHQWOLFKJHULQJHU105([SHULPHQWHGLH&aXQG&b5HVRQDQ]HQ
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

DXIQHKPHQ N|QQHQ HEHQIDOOV ]XU ,GHQWLIL]LHUXQJ YRQ $PLQRVlXUHQ GLHQHQ GD GLHVH
FKHPLVFKHQ9HUVFKLHEXQJHQIUEHVWLPPWH$PLQRVlXUHQFKDUDNWHULVWLVFKVLQG
2.6.6 Berechnung der Proteinstruktur
%HL GHQ 12(1XFOHDU2YHUKDXVHU([FKDQJH6LJQDOHQ XQWHUVFKHLGHW PDQ VROFKH EHL GHQHQ
3URWRQHQQLFKWZHLWHUDOVYLHU$PLQRVlXUHQYRQHLQDQGHUHQWIHUQWPHGLXPUDQJH12(XQG
VROFKH EHL GHQHQ VLH PHKU DOV IQI $PLQRVlXUHQ JHWUHQQW VLQG ORQJUDQJH 12( 'LH
PHGLXPUDQJH 12(V GLHQHQ ]XU %HVWLPPXQJ GHU 6HNXQGlUVWUXNWXUHOHPHQWH XQG GHU
.RQIRUPDWLRQ GHV 3URWHLQUFNJUDWV ZlKUHQG GLH ORQJUDQJH 12(V ]XU %HUHFKQXQJ GHU
7HUWLlUVWUXNWXUJHQXW]WZHUGHQ
+HOL[VWUXNWXUHQXQGb)DOWEOlWWHU]HLFKQHQVLFKGXUFKIHVWGHILQLHUWH7RUVLRQVZLQNHODXVXQG
GXUFKGDV$XIWUHWHQFKDUDNWHULVWLVFKHU.RSSOXQJVPXVWHUDXV ,Qa+HOLFHVVLQGVWDUNH12(
6LJQDOH ]ZLVFKHQ GHQ $PLGSURWRQHQ +1L+1L XQG +1L+1L ]X HUZDUWHQ XQG
]ZLVFKHQ GHQ+aL+1L )Ub)DOWEOlWWHU FKDUDNWHULVWLVFK VLQG VWDUNH12(6LJQDOH IU
+aL+1LXQGDXHUGHPDOWHUQLHUHQGH+aL+aMXQG+1L+1M6LJQDOH]ZLVFKHQGHQ
6WUlQJHQLXQGM
'LH*HVFKZLQGLJNHLWGHV$XVWDXVFKHVYRQ$PLGSURWRQHQJHJHQ'HXWHULXP OLHIHUW HEHQIDOOV
+LQZHLVH DXI GDV 9RUOLHJHQ YRQ 6HNXQGlUVWUXNWXUHOHPHQWHQ :HQQ
:DVVHUVWRIIEUFNHQELQGXQJHQ YRUKDQGHQ VLQG LVW GLH $XVWDXVFKJHVFKZLQGLJNHLW GHXWOLFK
YHUODQJVDPW'DV3URWHLQZLUG O\RSKLOLVLHUWXQGDQVFKOLHVVHQG LQ'2DXIJHQRPPHQ:HQQ
GLH 3URWRQHQ JHJHQ 'HXWHULXP DXVWDXVFKHQ YHUVFKZLQGHQ GLH HQWVSUHFKHQGHQ 6LJQDOH LP
6SHNWUXP'LHVH0HWKRGHZLUGDOV$PLGSURWRQHQDXVWDXVFK6SHNWURVNRSLHEH]HLFKQHW
$XFKGLH FKHPLVFKH9HUVFKLHEXQJYRQ 3URWRQHQ LQ EHVWLPPWHQ 6HNXQGlUVWUXNWXUHOHPHQWHQ
LVW FKDUDNWHULVWLVFK ]XP%HLVSLHO VLQG+a3URWRQHQ LQ KHOLFDOHQ 6WUXNWXUHQ HKHU EHL KRKHP
)HOG QLHGULJHQ SSP:HUWHQ ]X ILQGHQZlKUHQG GLH9HUVFKLHEXQJ YRQ+a3URWRQHQ LQb
)DOWEOlWWHUQEHLWLHIHUHP)HOGK|KHUHQSSP:HUWHQOLHJW
1HEHQ GHQ $EVWDQGVEHGLQJXQJHQ DXV GHQ 105([SHULPHQWHQ JHKHQ DXFK HPSLULVFK
HUKDOWHQH 'DWHQ IU GLH %LQGXQJVOlQJHQ GHU NRYDOHQW JHEXQGHQHQ $WRPH XQG LKUH
%LQGXQJVZLQNHO LQ GLH %HUHFKQXQJ GHU 3URWHLQVWUXNWXU HLQ0LW +LOIH GLHVHU ,QIRUPDWLRQHQ
ZHUGHQEHUGDV3URJUDPP;3/256WUXNWXUHQPLWP|JOLFKVWJHULQJHU(QHUJLHEHUHFKQHW
)U GLH 6WUXNWXUDQDO\VH GHV+V)G[ZXUGH GLH0HWKRGH GHV ÄVLPXODWHG DQQHDOLQJ³ JHQXW]W
(LQH 6WDUWVWUXNWXU PLW JHVWUHFNWHU 3URWHLQNRQIRUPDWLRQ ZHOFKH GLH HPSLULVFKHQ 3DUDPHWHU
0DWHULDOXQG0HWKRGHQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

HQWKlOWZLUGNXU]H=HLWVLPXOLHUWDXIKRKH7HPSHUDWXUHQJHEUDFKWXQGGDQQGXUFK$ENKOHQ
XQWHUGHP(LQIOXGHV.UDIWIHOGHV9DXVGHQHPSLULVFKHQXQGGHQH[SHULPHQWHOOHUKDOWHQHQ
'DWHQ]XHLQHUHQHUJHWLVFKJQVWLJHQ6WUXNWXUJHEUDFKW
9 (HPS(HII
(HPSXPIDWDOOH,QIRUPDWLRQHQEHUGLH3ULPlUVWUXNWXUGHV3URWHLQVXQGEHUGLHNRYDOHQWHQ
%LQGXQJHQ
(HIIPLW+LOIHGHU105([SHULPHQWHH[SHULPHQWHOOEHVWLPPWH5DQGEHGLQXQJHQ
'LH 1056SHNWURVNRSLH OLHIHUW DOV 5HVXOWDW HLQH 6FKDU YRQ 6WUXNWXUHQ .RQYHUJLHUW GLH
6WUXNWXUEHUHFKQXQJ HUKlOW PDQ DOV (UJHEQLV HLQH JHZLVVH $Q]DKO YRQ 6WUXNWXUHQ PLW
JHULQJHU lKQOLFKHU (QHUJLH 'LH DQGHUHQ 6WUXNWXUHQ ]HLFKQHQ VLFK GDGXUFK DXV GDVV LKUH
(QHUJLHGHXWOLFKK|KHUOLHJW)UGLH6WUXNWXUGDUVWHOOXQJZLUGHLQHhEHUODJHUXQJGHU0RGHOOH
PLW JHULQJHU (QHUJLH YHUZHQGHW 'LH 4XDOLWlW GHU 6WUXNWXU ZLUG DQKDQG GHU PLWWOHUHQ
$EZHLFKXQJ ÄUPVG³ URXWH PHDQ VTXDUH GHYLDWLRQ:HUW GHU $WRPSRVLWLRQHQ LQ GHQ
YHUVFKLHGHQHQ6WUXNWXUPRGHOOHQEHXUWHLOW
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 (UJHEQLVVH
 7HLO$6WDELOLWlWVXQG1050HVVXQJHQDP+V)G[
)UGLH6WUXNWXUEHUHFKQXQJYRQ3URWHLQHQNDQQ]XPHLQHQGLH.ULVWDOOVWUXNWXUDQDO\VHJHQXW]W
ZHUGHQ ZHOFKH GLH )HVWN|USHUVWUXNWXU OLHIHUW =XP DQGHUHQ NDQQ PLW +LOIH GHU 105
6SHNWURVNRSLHGLH6WUXNWXUHLQHV3URWHLQVLQ/|VXQJEHVWLPPWZHUGHQ'DLP5DKPHQGLHVHU
$UEHLW GLH KDORSKLOHQ (LJHQVFKDIWHQ GHV )HUUHGR[LQV DXV+ VDOLQDUXP +V)G[ XQWHUVXFKW
ZHUGHQ VROOWHQ XQG HV VLFK EHL GHU +DORSKLOLH XP HLQ 3KlQRPHQ KDQGHOW GDV LQ /|VXQJ
DXIWULWW ZXUGH GLH 1056SHNWURVNRSLH JHZlKOW 6LHPDFKW HLQH 6WUXNWXUEHVWLPPXQJ XQWHU
SK\VLRORJLVFKHQ %HGLQJXQJHQ P|JOLFK ZlKUHQG GLH .ULVWDOORJUDSKLH DXI GLH VSH]LHOOHQ
%HGLQJXQJHQDQJHZLHVHQLVWXQWHUGHQHQGDV3URWHLQNULVWDOOLVLHUW'LH1056WUXNWXUDQDO\VH
HUODXEW GDUEHU KLQDXV HLQH 9DULDWLRQ GHU 3XIIHUEHGLQJXQJHQ $XHUGHP N|QQHQ
8QWHUVXFKXQJHQ]XU'\QDPLNGHV3URWHLQVGXUFKJHIKUWZHUGHQ
8P1056SHNWUHQ DXVUHLFKHQGHU4XDOLWlW YRQ+V)G[ ]X HUKDOWHQPXWH ]XHUVW HLQH$XI
UHLQLJXQJVVWUDWHJLH IU GDV 3URWHLQ HQWZLFNHOW ZHUGHQ 'HV ZHLWHUHQ PXWHQ %HGLQJXQJHQ
JHIXQGHQ ZHUGHQ XQWHU GHQHQ GDV )HUUHGR[LQ DXVUHLFKHQG VWDELO IU /DQJ]HLW105
0HVVXQJHQ LVW ,P )ROJHQGHQ ZHUGHQ ]XQlFKVW GLH (UJHEQLVVH DXV GHQ 6WDELOLWlWV XQG
)DOWXQJVXQWHUVXFKXQJHQDP+V)G[YRUJHVWHOOW$QVFKOLHHQGZLUGGLH6WUXNWXUDQDO\VHDXIGHU
%DVLVGHU105VSHNWURVNRSLVFKHQ'DWHQSUlVHQWLHUW
3.1.1 Isolierung und Aufreinigung des Ferredoxins aus H. salinarum, HsFdx
)U GLH ,VROLHUXQJ GHV +V)G[ ZXUGHQ GLH KDOREDNWHULHOOHQ:LOGWS\VWlPPH 5, XQG 6 GHV
+VDOLQDUXP YHUZHQGHW ZHQQ SDUDOOHO ]XU +V)G[ $XIUHLQLJXQJ GDV 3URWHLQ
%DNWHULRUKRGRSVLQ %5 JHZRQQHQ ZHUGHQ VROOWH $QVRQVWHQ ZXUGH GHU 6WDPP 6QRE
YHUZHQGHWGHVVHQ%5*HQGHOHWLHUWLVW'LH6HTXHQ]LHUXQJGHV+VDOLQDUXP*HQRPVHUJDE
GDVVQHEHQGHP+V)G[QRFKZHLWHUH)HUUHGR[LQHLP*HQRPFRGLHUWVLQG3IHLIHUHWDO
1J HW DO  2HVWHUKHOW ' HW DO XQYHU|IIHQWOLFKW GHUHQ )XQNWLRQ *HJHQVWDQG
GHU]HLWLJHU8QWHUVXFKXQJHQLVW
'D +V)G[ NRQVWLWXWLY H[SULPLHUW ZLUG XQG GLH 6DXHUVWRII]XIXKU NHLQHQ (IIHNW DXI GDV
([SUHVVLRQVQLYHDXGHV3URWHLQVKDWZXUGHQGLH+VDOLQDUXP=HOOHQIUGLH+V)G[,VROLHUXQJ
]X%HJLQQGHUVWDWLRQlUHQ3KDVHJHHUQWHW.HUVFKHU
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'DV 0ROHNXODUJHZLFKW YRQ +V)G[ EHWUlJW N'D 'DV )HUUHGR[LQ ZHOFKHV QDFK GHU
0HWKRGH YRQ .HUVFKHU DXIJHUHLQLJW ZXUGH ]HLJWH HLQH KRPRJHQH %DQGH LP 6'6 *HO DXI
HLQHU +|KH YRQ HWZD  N'D $EELOGXQJ  'LHVHV XQJHZ|KQOLFKH /DXIYHUKDOWHQ
KDORSKLOHU 3URWHLQH LQ GHU *HOHOHNWURSKRUHVH LVW DXI GHQ VWDUN HUK|KWHQ $QWHLO QHJDWLYHU
/DGXQJHQ]XUFN]XIKUHQ:HUEHU	0HYDUHFKD
$EELOGXQJ6'63$*(YRQ+V)G[+V)G[0:
  >N'D@
(UVWH 105VSHNWURVNRSLVFKH 8QWHUVXFKXQJXQJHQ GHV +V)G[ HUJDEHQ GDVV QHEHQ GHP
QDWLYHQ+RORSURWHLQGDV+V)G[QRFKLQHLQHUDQGHUHQ.RQIRUPDWLRQYRUOLHJW$EELOGXQJ
6RZRKOGLH'+1056SHNWUHQDOVDXFK&'6SHNWUHQGHV+V)G[PLWHLQHP$EVRUSWLRQV
YHUKlOWQLVYRQGHXWHQGDUDXIKLQ GDVV HV VLFK EHL GHU9HUXQUHLQLJXQJXP JU|WHQWHLOV
HQWIDOWHWHV+V)G[KDQGHOW'LH6LJQDOHGHU9HUXQUHLQLJXQJZHOFKHYRUDOOHPLP%HUHLFKYRQ
SSP ]X VHKHQ VLQG VLQG GHXWOLFK VWlUNHU DOV GLH 5HVRQDQ]HQ GHV +ROR+V)G[
$EELOGXQJ  REHUHU %HUHLFK LP 9HUJOHLFK ]XP 6SHNWUXP LP XQWHUHQ %HUHLFK 'LH
6LJQDOLQWHQVLWlWYRQ.HUQHQLVWGHXWOLFKJHULQJHUZHQQVLHVLFKLQHLQHUVWDUUHQ.RQIRPDWLRQ
EHILQGHQDOVZHQQVLFKLKUHFKHPLVFKH8PJHEXQJUDVFKlQGHUWVLHKH'LVNXVVLRQ%HLGHQ
FKHPLVFKHQ 9HUVFKLHEXQJHQ YRQ SSP EHILQGHQ VLFK YRU DOOHP GLH 6LJQDOH GHU
$PLGSURWRQHQGHUHQ=XRUGQXQJIUGLH6WUXNWXUDQDO\VHHVVHQWLHOOLVW'LHhEHUODJHUXQJGHU
6LJQDOH GHV +ROR+V)G[ GXUFK GLH GHV 3URWHLQV PLW JHULQJHUHP 6HNXQGlUVWUXNWXUDQWHLO
PDFKWHQHLQH=XRUGQXQJGHU5HVRQDQ]HQGHVQDWLYHQ+V)G[XQP|JOLFK'HVKDOEPXWHHLQH
$XIUHLQLJXQJVVWUDWHJLH HQWZLFNHOW ZHUGHQ GLH HLQH $EWUHQQXQJ GHV QLFKW QDWLYHQ +V)G[
HUP|JOLFKWGDPLWDXVVDJHNUlIWLJH1056SHNWUHQHUKDOWHQZHUGHQNRQQWHQ
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$EELOGXQJ'+6SHNWHQYRQ+V)G[/|VXQJHQPLWXQWHUVFKLHGOLFKHP$EVRUSWLRQVYHUKlOWQLV2EHQ
LVWGDV'+1056SHNWUXPYRQ+V)G[PLWHLQHP$EVRUSWLRQVYHUKlOWQLVYRQ$QP$QP ]XVHKHQ
8QWHQLVWGDV'+1056SHNWUXPYRQ+V)G[PLW$QP$QP DEJHELOGHW
0LW+LOIHGHUGHQDWXULHUHQGHQ$FU\ODPLG*HOHOHNWURSKRUHVHNRQQWHQ+RORXQGQLFKWQDWLYHV
+V)G[ QLFKW XQWHUVFKLHGHQ ZHUGHQ 'HVKDOE ZXUGH ]XU %HZHUWXQJ GHU 5HLQKHLW GHV +ROR
+V)G[ GDV $EVRUSWLRQVYHUKlOWQLV $QP$QP JHQXW]W 'HU (LVHQ6FKZHIHO.RPSOH[
DEVRUELHUWLPVLFKWEDUHQ%HUHLFKEHLQPXQGQP$EELOGXQJ'LH$EVRUSWLRQGHU
DURPDWLVFKHQ5HVWHEHLQPLVWHLQ0DIUGLH3URWHLQNRQ]HQWUDWLRQ:LUGGDV)HUUHGR[LQ
GHQDWXULHUW LVWHLQH%LQGXQJGHV)H6&OXVWHUEHUGLHYLHU&\VWHLQHQLFKWPHKUP|JOLFK
'HU&OXVWHU]HUIlOOWLQVHLQH%HVWDQGWHLOHZDVHLQH$EQDKPHGHU$EVRUSWLRQEHLQPXQG
QPPLWVLFKEULQJW6RPLWNDQQGDV$QP$QP9HUKlOWQLVDOV0DIUGHQ$QWHLO DQ
+RORSURWHLQKHUDQJH]RJHQZHUGHQ
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ  $EVRUSWLRQVVSHNWUXP HLQHU m0 /|VXQJ GHV DXIJHUHLQLJWHQ +V)G[ PLW HLQHP
$EVRUSWLRQVYHUKlOWQLV$QP$QPYRQ$EVRUSWLRQVPD[LPDEHLQPQPQPXQGQP
'LH$XIUHLQLJXQJQDFKGHP.HUVFKHU3URWRNROOOLHIHUWH+V)G[PLW$QP$QP 8P
QLFKW QDWLYHV +V)G[ DE]XWUHQQHQ ZXUGH ]XVlW]OLFK ]XU $QLRQHQDXVWDXVFKFKURPDWRJUDSKLH
HLQH $PPRQLXPVXOIDWIlOOXQJ GXUFKJHIKUW $XHUGHP ZXUGH HLQH VSH]LHOO IU KDORSKLOH
3URWHLQHHQWZLFNHOWH$XIUHLQLJXQJJHQXW]WGLH  HLQK\GURSKREH&KURPDWRJUDSKLHEHU HLQH
6HSKDURVH%6lXOHYRUVLHKWZHOFKHPLWHLQHP$PPRQLXPVXOIDWJUDGLHQWHQHQWZLFNHOWZXUGH
(LVHQEHUJHWDO+DDU:HUEHU	0HYDUHFKE1DFKGHQ]XVlW]OLFKHQ
5HLQLJXQJVVFKULWWHQ NRQQWH +V)G[ PLW HLQHP $EVRUSWLRQVNRHIIL]LHQWHQ $QP$QP YRQ
 JHZRQQHQZHUGHQ'XUFK1056SHNWURVNRSLHZXUGH HPSLULVFK IHVWJHVWHOOW GDVV HLQH
=XRUGQXQJGHU6LJQDOHGHV+V)G[P|JOLFKLVWZHQQGDV$EVRUSWLRQVYHUKlOWQLV$QP$QP
GHV3URWHLQVJU|HUDOVZDU$EELOGXQJ'XUFK2SWLPLHUXQJXQG(UZHLWHUXQJGHU$XI
UHLQLJXQJVPHWKRGHNRQQWH+V)G[VRPLWLQDXVUHLFKHQGHU5HLQKHLWHUKDOWHQZHUGHQ
1050HVVXQJHQHUIRUGHUQGDUEHUKLQDXVGDVVGLH3UREHEHUGHQ=HLWUDXPGHU0HVVXQJHQ
VWDELO LVW HWZD HLQH:RFKH =X GLHVHP =ZHFNPXWHQ%HGLQJXQJHQ IU +V)G[ JHIXQGHQ
ZHUGHQXQWHUGHQHQGDV)HUUHGR[LQGLHVH9RUDXVVHW]XQJHUIOOW
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3.1.2 Stabilitätsmessungen am HsFdx in Abhängigkeit von der Salzkonzentration
3.1.2.1 Überblick über Methoden für Stabilitätsmessungen
(V JLEW YHUVFKLHGHQH 0HWKRGHQ GLH 6WDELOLWlW GHV QDWLYHQ =XVWDQGHV HLQHV 3URWHLQV ]X
XQWHUVXFKHQZHOFKHVLFKLQGHP%HWUDJGHUIUHLHQ(QHUJLHD*18GHVhEHUJDQJVYRQGHU
QDWLYHQ]XUGHQDWXULHUWHQ.RQIRUPDWLRQDXVGUFNW=XPHLQHQNDQQGLH7HPSHUDWXUEHVWLPPW
ZHUGHQ EHL GHU VLFK HLQ 3URWHLQ HQWIDOWHW -H K|KHU GLH 7HPSHUDWXU EHL GHU GLHVHU 3UR]H
VWDWWILQGHW GHVWR VWDELOHU LVW GDV JHIDOWHWH 3URWHLQ =XP DQGHUHQ N|QQHQ DQKDQG GHU ]XU
(QWIDOWXQJEHQ|WLJWHQ0HQJHQDQGHQDWXULHUHQGHQ5HDJHQ]LHQZLH*XDQLGLQLXPK\GURFKORULG
RGHU+DUQVWRII$XVVDJHQEHUD*18JHWURIIHQZHUGHQ
'LH (QWIDOWXQJ HLQHV 3URWHLQV VHOEVW NDQQ PLW +LOIH XQWHUVFKLHGOLFKHU 7HFKQLNHQ YHUIROJW
ZHUGHQ
,PDNWLYHQ=HQWUXPGHV+V)G[EHILQGHWVLFKHLQ)H6&OXVWHUHLQ&KURPRSKRUGHUEHU
YLHU &\VWHLQH DQ GDV 3URWHLQUFNJUDW JHEXQGHQ LVW 'D GLH (QWIDOWXQJ GHV )HUUHGR[LQV YRQ
GHP =HUIDOO GHV (LVHQ6FKZHIHO.RPSOH[HV EHJOHLWHW ZLUG NDQQ PLW +LOIH GHU
$EVRUSWLRQVVSHNWURVNRSLHGLH'HQDWXULHUXQJGHV3URWHLQVYHUIROJWZHUGHQ)U3URWHLQHRKQH
&KURPRSKRU NDQQ VWDWW GHU $EVRUSWLRQ GLH )OXRUHV]HQ]LQWHQVLWlW YRQ 7U\SWRSKDQUHVWHQ
JHPHVVVHQZHUGHQ'LHVHLVWDEKlQJLJGDYRQREVLFKGHU7U\SWRSKDQUHVWLQHLQHUK\GURSKLOHQ
RGHUK\GURSKREHQ8PJHEXQJEHILQGHW
'LH :lUPHNDSD]LWlW &S HLQHV 3URWHLQV lQGHUW VLFK EHLP hEHUJDQJ YRP QDWLYHQ ]XP
HQWIDOWHWHQ =XVWDQG GD ELVKHU LP .HUQ DEJHVFKLUPWH K\GURSKREH 5HVWH LQ GLH ZlULJH
8PJHEXQJ JHODQJHQ XQG K\GUDWLVLHUWZHUGHQ'LH:lUPHNDSD]LWlW HLQHV 3URWHLQV NDQQPLW
+LOIHGHU'LIIHUHQWLDO6FDQQLQJ&DORULPHWU\'6&JHPHVVHQZHUGHQ(LQHZHLWHUH7HFKQLN
LVW GLH &' 6SHNWURVNRSLH ZHOFKH EHU GLH PD[LPDOH bQGHUXQJ GHV $QLVRWURSLHZHUWHV LP
$XJHQEOLFNGHU(QWIDOWXQJDXI]HLJWXQWHUZHOFKHQ%HGLQJXQJHQHLQ3URWHLQGHQDWXULHUWZLUG
:HQQ GLH (QWIDOWXQJ HLQHV 3URWHLQV EHU VWDELOH =ZLVFKHQVWXIHQ YHUOlXIW NDQQ GLH
.RQIRUPDWLRQGHUMHZHLOLJHQ)DOWXQJVLQWHUPHGLDWH105VSHNWURVNRSLVFKXQWHUVXFKWZHUGHQ
$QKDQGGHU ,QWHQVLWlWVlQGHUXQJ GHU1056LJQDOH NDQQ DXHUGHP GLH =HLWDEKlQJLJNHLW GHU
'HQDWXULHUXQJHLQHV3URWHLQVYHUIROJWZHUGHQ
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3.1.3 UV-VIS spektroskopische Untersuchungen von HsFdx
3.1.3.1 Bestimmung der optimalen Probenzusammensetzung für die Aufnahme der
NMR-Spektren des HsFdx
0LW+LOIHGHU$EVRUSWLRQVVSHNWURVNRSLHZXUGHGLH6WDELOLWlWGHV+V)G[EHL5DXPWHPSHUDWXU
LQ$EKlQJLJNHLWYRQGHU6DO]NRQ]HQWUDWLRQXQGGHPS+:HUWGHU/|VXQJJHPHVVHQXPGLH
RSWLPDOHQ %HGLQJXQJHQ IU GLH $XIQDKPHQ GHU 1056SHNWUHQ ]X HUPLWWHOQ 'LH
3URWHLQSUREHQ PVVHQ ]X GLHVHP =ZHFN EHU PLQGHVWHQV HLQH :RFKH HLQ NRQVWDQWHV
$QP$QP 9HUKlOWQLV DXIZHLVHQ =XVlW]OLFK HUVFKZHUHQ KRKH 6DO]NRQ]HQWUDWLRQHQ GLH
1056SHNWUHQDXIQDKPHGXUFK6W|UXQJGHV0DJQHWIHOGHV'HVKDOEZDUHLQH1050HVVXQJ
XQWHU+RFKVDO]EHGLQJXQJHQ G KPLW 01D&OPLW GHP YRUKDQGHQHQ 3UREHQNRSI GHV
6SHNWURPHWHUVQLFKWP|JOLFK ,GHDOHUZHLVHVROOWHHLQH1D&O.RQ]HQWUDWLRQYRQ0LQGHU
]XPHVVHQGHQ3UREHQLFKWEHUVFKULWWHQZHUGHQ(EHQVRVROOWHGHUS+:HUWXQWHUOLHJHQ
GD GHU 3URWRQLHUXQJV]XVWDQG GHV 3URWHLQV IU GLH $XIQDKPH GHU +6SHNWUHQ ZLFKWLJ LVW
$QGHUHUVHLWVVLQG)HUUHGR[LQHVlXUHODELO,QVRIHUQPXWHHLQJHHLJQHWHU.RPSURPLJHIXQGHQ
ZHUGHQ XP DXI GHU HLQHQ 6HLWH DXVVDJHNUlIWLJH 1056SHNWUHQ ]X HUKDOWHQ XQG DXI GHU
DQGHUHQ 6HLWH HLQH DXVUHLFKHQGH 6WDELOLWlW GHV )HUUHGR[LQV EHU GHQ 0H]HLWUDXP ]X
JHZlKUOHLVWHQ
'LH6WDELOLWlWGHV+V)G[EHL5DXPWHPSHUDWXUZXUGHLQIROJHQGHQ3XIIHUQEHVWLPPWXPGLH
RSWLPDOHQ 0HEHGLQJXQJHQ IU GLH $XIQDKPH GHU 1056SHNWUHQ EHVWLPPHQ ]X N|QQHQ
Tabelle 2
7DEHOOH=XVDPPHQVHW]XQJGHU3UREHQSXIIHU
3UREH      
F1D&O>0@      
S+      
F1D[+\32>0@      
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ  $EVRUSWLRQVYHUKlOWQLV YRQ +V)G[ 3UREHQ XQWHUVFKLHGOLFKHU 6DO]NRQ]HQWUDWLRQ LQ
$EKlQJLJNHLWYRQGHU=HLW%HVWLPPXQJGHU6WDELOLWlWGHV+V)G[EHL5DXPWHPSHUDWXULQ3XIIHUQGLHIUGLH
$XIQDKPHYRQ1056SHNWUHQJHHLJQHW VLQG'LH0HVVXQJHQZXUGHQPLW MHmO HLQHUm0/|VXQJGHV
+V)G[ GXUFKJHIKUW 'LH ]XJHK|ULJHQ 3XIIHU]XVDPPHQVHW]XQJ VLQG GHU 7DEHOOH ]X HQWQHKPHQ 'DV
$EVRUSWLRQVYHUKlOWQLV $QP$QP  GHV +V)G[ LQ YHUVFKLHGHQHQ 3UREHQSXIIHUQ LVW LQ $EKlQJLJNHLW YRQ GHU
,QNXEDWLRQV]HLWEHL5DXPWHPSHUDWXUDXIJHWUDJHQ'LH0HVVXQJHQZXUGHQMHZHLOV]ZHLPDOGXUFKJHIKUWRIIHQH
XQGJHVFKORVVHQH=HLFKHQ
:LHGHUKROWH 0HVVXQJHQ IKUWHQ ]X OHLFKW XQWHUVFKLHGOLFKHQ (UJHEQLVVHQ EHL JOHLFKHQ
3XIIHUEHGLQJXQJHQ MHGRFK ZDUHQ GHXWOLFKH 7UHQGV ]X HUNHQQQHQ $EELOGXQJ  'LH
3UREHQ GHUHQ $EVRUSWLRQVYHUKlOWQLV VLFK VFKRQ LQQHUKDOE GHU HUVWHQ ]ZHL ELV GUHL 7DJH
GHXWOLFKlQGHUWH XQG HQWKLHOWHQ MHZHLOVP01D&O'LH$EVRUSWLRQEHLQPGHV
+V)G[ LQ*HJHQZDUWYRQXQGP01D&O 3UREHQ  XQG ILHO LQQHUKDOEYRQ
]ZHL 7DJHQ XP K|FKVWHQV  DE DXFK QDFK HLQHU:RFKH ZDU LQ IDVW DOOHQ )lOOHQ HLQHQ
5FNJDQJ GHU $EVRUSWLRQ EHL QP YRQPD[LPDO  ]X EHREDFKWHQ 'LH PHLVWHQ '
1050HVVXQJHQN|QQHQLQQHUKDOEYRQKDEJHVFKORVVHQZHUGHQ ,QGLHVHP=HLWUDXP
JHKWGDV$EVRUSWLRQVYHUKlOWQLVHLQHU+V)G[3UREHLQ*HJHQZDUWYRQ01D&OXQG
S+YRQXUVSUQJOLFKQXUDXI]XUFNHLQH=XRUGQXQJGHU1056LJQDOHLVW
VRPLW P|JOLFK 'LH 5HVRQDQ]HQ ZHLWHUHU 6SHNWUHQ GLH QDFK GLHVHQ K DXIJHQRPPHQ
ZXUGHQ NRQQWHQ JHJHQ GLH 6LJQDOH GHV HUVWHQ 6SHNWUXPV DEJHJOLFKHQ ZHUGHQ GK GLH
VW|UHQGHQ6LJQDOHGHVQLFKWQDWLYHQ3URWHLQVZXUGHQVXEWUDKLHUW
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3.1.3.2 Temperaturabhängige Denaturierung des HsFdx
(LQ0DIUGLH6WDELOLWlWHLQHV3URWHLQVLVWGLH7HPSHUDWXU7PEHLZHOFKHUGHUhEHUJDQJYRQ
GHU QDWLYHQ ]XU XQJHIDOWHWHQ )RUP VWDWWILQGHW 8P GLH EHL 5DXPWHPSHUDWXU EHREDFKWHWHQ
7UHQGV ]X YHULIL]LHUHQ ZXUGHQ IU WHPSHUDWXUDEKlQJLJH 0HVVXQJHQ GLH 3UREHQ PLW HWZD
&PLQ HUZlUPW XQG 899,6VSHNWURVNRSLVFK GHU =HUIDOO GHV )H6 &OXVWHUV VWXGLHUW
$EELOGXQJ
(VNRQQWHQ]ZHL(IIHNWHEHREDFKWHWZHUGHQ
=XPHLQHQJLQJGLH$EVRUSWLRQGHV)H6&OXVWHUVEHLQPLQHLQHP3XIIHUPLWP0
1D&OEHL&DXI1XOO]XUFNZlKUHQGGLH3UREH LQP01D&O HUVW EHL &Y|OOLJ
HQWIlUEW YRUODJ 'LH $EVRUSWLRQ $QP YRQ +V)G[ LQ +RFKVDO]SXIIHU VDQN HUVW EHL
7HPSHUDWXUHQREHUKDOEYRQ&ZRKLQJHJHQGLH'HQDWXULHUXQJGHUEHLGHQDQGHUHQ3UREHQ
GHUHQ6DO]NRQ]HQWUDWLRQJHULQJHUZDUVFKRQEHLHWZD&EHJDQQ=XVDPPHQIDVVHQG OlW
VLFK VDJHQ GDVV MH JU|HU GLH 6DO]NRQ]HQWUDWLRQ LQ GHU /|VXQJ ZDU GHVWR K|KHU GLH
7HPSHUDWXUHQZDUHQEHLGHUGLH'HQDWXULHUXQJGHV+V)G[EHJDQQXQGEHLZHOFKHUVLHDEJH
VFKORVVHQ ZDU =XP DQGHUHQ ZXUGH LQ +RFKVDO] QXU HLQH XQYROOVWlQGLJH (QWIDOWXQJ GHV
+RORSURWHLQVEHUGHQEHREDFKWHWHQ7HPSHUDWXUEHUHLFKGHWHNWLHUW
=XU8QWHUVXFKXQJGHU.LQHWLNGHU'HQDWXULHUXQJZXUGHQ WHPSHUDWXUDEKlQJLJH$EVRUSWLRQV
PHVVXQJHQ PLW XQWHUVFKLHGOLFKHU $XIKHL]JHVFKZLQGLJNHLW &PLQ XQG &PLQ
GXUFKJHIKUW
$EELOGXQJ  $EVRUSWLRQ GHV +V)G[ EHL QP LQ YHUVFKLHGHQHQ 3XIIHUQ LQ $EKlQJLJNHLW YRQ GHU
7HPSHUDWXU'LH0HVVXQJHQZXUGHQPLWMHmOHLQHUm0/|VXQJGHV+V)G[GXUFKJHIKUW
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'HU WHPSHUDWXUDEKlQJLJH $EVRUSWLRQVYHUODXI GHV +V)G[ ZDU QXU LQ P0 1D&O
XQDEKlQJLJ YRQ GHU$XIKHL]JHVFKZLQGLJNHLW:lKUHQG GHU0HVVXQJ IDQG HLQH YROOVWlQGLJH
'HQDWXULHUXQJVWDWW:LHGHUKROWH0HVVXQJHQXQGHUJDEHQHLQHQJXWEHUHLQVWLPPHQGHQ
.XUYHQYHUODXI ,Q P0 1D&O ZLHV GHU WHPSHUDWXUDEKlQJLJH $EVRUSWLRQVYHUODXI GHV
+V)G[EHL YHUVFKLHGHQHQ$XIKHL]JHVFKZLQGLJNHLWHQ VLJQLILNDQWH8QWHUVFKLHGH DXI (UIROJWH
GLH3UREHQHUZlUPXQJPLW&PLQ1UEHJDQQVFKRQEHLHWZD&HLQH$EQDKPHGHU
$EVRUSWLRQEHLQPZlKUHQGHLQH7HPSHUDWXUHUK|KXQJPLW&PLQ1UHUVWREHUKDOE
YRQ & GD]X IKUWH $XFK GLH$EVRUSWLRQVDEQDKPH GHU 3UREH LQ P01D&O EHJDQQ
HEHQIDOOVHUVWEHLHWZD&,Q*HJHQZDUWYRQ01D&OVDQNGLH$EVRUSWLRQEHLQP
EHL VFKQHOOHUHP$XIKHL]HQ HUVW EHL GHXWOLFK K|KHUHQ 7HPSHUDWXUHQ 'LHV GHXWHW DXI GDUDXI
KLQ GDVV GLH =HUVHW]XQJ GHU 3UREH DE P0 1D&O ODQJVDPHU HUIROJW DOV GLH
7HPSHUDWXUlQGHUXQJ &PLQ 'DV 6\VWHP EHIDQG VLFK ZlKUHQG GHU 0HVVXQJ QLFKW LQ
HLQHPWKHUPLVFKHQ*OHLFKJHZLFKW
3.1.3.3 Zeitabhängigkeit des Clusterzerfalls von HsFdx
:HLWHUKLQZXUGHQ GLH+DOEZHUWV]HLWHQ GHU'HQDWXULHUXQJ GHV+V)G[ EHL 7HPSHUDWXUHQ XP
& LQ $EKlQJLJNHLW YRQ GHU 6DO]NRQ]HQWUDWLRQ XQWHUVXFKW 'LH 7HPSHUDWXU GHU 3UREH
ZXUGHLQ&6FKULWWHQHUK|KWXQGMHZHLOVVRODQJHNRQVWDQWJHKDOWHQELVNHLQHbQGHUXQJ
GHU$EVRUSWLRQEHLQPPHKUDXIWUDW%LV]XHLQHU3UREHQWHPSHUDWXUYRQ&]HLJWHVLFK
LQQHUKDOEYRQHLQHUKDOEHQ6WXQGHNHLQHbQGHUXQJGHU$EVRUSWLRQEHLQP(UVWEHLHLQHU
7HPSHUDWXU REHUKDOE YRQ & NRQQWH HLQH (QWIDOWXQJ GHV +V)G[ VSHNWURVNRSLVFK
QDFKJHZLHVHQZHUGHQ$EELOGXQJ'DGLH(QWIDOWXQJVHKUODQJVDPHUIROJWHVFKHLQWHLQH
VWDUNHNLQHWLVFKH+HPPXQJGHU5HDNWLRQ+V)G[QDWLY+V)G[GHQDWXULHUWYRU]XOLHJHQ'DJHJHQ
IDQG GLH YROOVWlQGLJH (QWIDOWXQJ YRQ +V)G[ LQ *HJHQZDUW YRQ P0 1D&O LQ P0
3KRVSKDWSXIIHUS+EHLHLQHU7HPSHUDWXUYRQ&VFKRQLQQHUKDOEYRQPLQVWDWW,Q
*HJHQZDUWYRQP01D&OHUIROJWH VLHEHUHLWV LQQHUKDOEZHQLJHU0LQXWHQ(LQH HUK|KWH
6DO]NRQ]HQWUDWLRQEHZLUNWHVRPLWHLQHEHDFKWOLFKH6WDELOLVLHUXQJGHV+V)G[
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ$EVRUSWLRQHLQHUm0/|VXQJYRQ+V)G[LQ01D&OP03KRVSKDWSXIIHUS+
LQ$EKlQJLJNHLWYRQGHU,QNXEDWLRQV]HLWEHL&
'HU&OXVWHU]HUIDOO YRQ+V)G[ LQ HLQHP 3XIIHUPLW E]Z P01D&O JLQJ QLFKWPLW
HLQHU7UEXQJGHU3UREHHLQKHU'DV3URWHLQLVWEHLGLHVHQ6DO]NRQ]HQWUDWLRQHQDOVRDXFKLQ
GHU $SR)RUP O|VOLFK 8QWHU +RFKVDO]EHGLQJXQJHQ ZXUGH EHREDFKWHW GDVV )HUUHGR[LQ DOV
IDUEORVH6XEVWDQ]DXVILHO
3.1.4 DSC und CD Messungen: Übergangstemperaturen der Entfaltung des HsFdx in
Abhängigkeit von der Salzkonzentration
0LW +LOIH GHU 899,66SHNWURVNRSLH NDQQ QXU GHU =HUIDOOV GHV (LVHQ6FKZHIHO&OXVWHUV
YHUIROJW ZHUGHQ '6& 0HVVXQJHQ KLQJHJHQ HUP|JOLFKHQ HLQH JHQDXH %HVWLPPXQJ GHU
7HPSHUDWXU 7P EHL GHU HLQ 3URWHLQ VHLQH GHILQLHUWH ]ZHL XQG GUHLGLPHQVRQDOH 6WUXNWXU
YHUOLHUW$EELOGXQJ$QKDQGGHU:lUPHNDSD]LWlWN|QQHQEHLHLQHUUHYHUVLEOHQ)DOWXQJV
(QWIDOWXQJVNXUYH DXHUGHP WKHUPRG\QDPLVFKH 3DUDPHWHU ZLH (QWKDOSLH D+81 XQG IUHLH
(QHUJLH D*81 GHU )DOWXQJVUHDNWLRQ EHVWLPPW ZHUGHQ 'HU =HUIDOO GHV (LVHQ6FKZHIHO
&OXVWHUV ZDU LUUHYHUVLEHO 7URW]GHP NRQQWHQ GLH 7P:HUWH ]XP TXDOLWDWLYHQ 9HUJOHLFK GHU
6WDELOLWlWHQGHV3URWHLQV LQYHUVFKLHGHQHQ/|VXQJHQKHUDQJH]RJHQZHUGHQ 5HPPHOHHW DO

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'LH7PZXUGHIU+V)G[LQ/|VXQJHQPLWP0P0XQG01D&OEHLHLQHPS+
:HUWYRQEHL HLQHU$XIKHL]JHVFKZLQGLJNHLW YRQ &PLQ EHVWLPPW $EELOGXQJ ,Q
*HJHQZDUWYRQP01D&OOLHJWGLH7PYRQ+V)G[PLW&XP&QLHGULJHUDOVGLH
7P LQHLQHU/|VXQJPLWP01D&O)U+V)G[ LQ01D&OZXUGH HLQhEHUJDQJEHL
&EHREDFKWHW
$EELOGXQJ'6&6SHNWUHQYRQ+V)G['LH6DO]NRQ]HQWUDWLRQ LQ/|VXQJHQEHWUXJP0P0XQG
 0 1D&O 'LH 0HVVXQJHQ ZXUGHQ EHL HLQHU 7HPSHUDWXUHUK|KXQJ YRQ &PLQ GXUFKJHIKUW 'LH
3URWHLQNRQ]HQWUDWLRQODJEHLHWZDm0GLH6SHNWUHQZXUGHQQRUPLHUW'HUJHPHVVHQH.XUYHQYHUODXILVWLQURW
GDUJHVWHOOW GLH WKHRUHWLVFK IU GLH 'HQDWXULHUXQJ EHUHFKQHWHWHQ .XUYHQ LQ VFKZDU] VLHKH 0DWHULDO XQG
0HWKRGHQ
0LW+LOIHGHU&'6SHNWURVNRSLHNDQQHEHQVRZLHEHLGHQ'6&0HVVXQJHQGLH7HPSHUDWXU
EHVWLPPW ZHUGHQ EHL GHU GLH JU|WH bQGHUXQJ GHU 6HNXQGlUVWUXNWXU VWDWWILQGHW 'LHVH
0HPHWKRGH LVW DOOHUGLQJV QLFKW EHL KRKHQ 1D&O .RQ]HQWUDWLRQHQ DQZHQGEDU GD GLH
LQWULQVLVFKH$EVRUSWLRQGHV6DO]HVHLQ3UREOHPEHLGHU$XVZHUWXQJGHU(UJHEQLVVHGDUVWHOOW
            
P01D&O7
P
 &
P01D&O7
P
 &
01D&O7
P
 &
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>NF
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RO
&@
7HPSHUDWXU>&@
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

7DEHOOH9HUJOHLFKGHU7PCVIU+V)G[DXV'6&XQG&'0HVVXQJHQLQ$EKlQJLJNHLWYRQGHU6DO]NRQ
]HQWUDWLRQ
6DO]NRQ]HQWUDWLRQ?0HWKRGH '6&7P &'7P
P01D&O & &
P01D&O & &
01D&O & 
%HLGH0HPHWKRGHQOLHIHUWHQYHUJOHLFKEDUH0HZHUWHIU+V)G[LQ*HJHQZDUWYRQP0
E]Z P01D&O 7DEHOOH'LH6WHLJHUXQJ GHU 7PPLW GHU 6DO]NRQ]HQWUDWLRQ VWHKW IU
HLQHGHXWOLFKH6WDELOLVLHUXQJGHV3URWHLQVEHLK|KHUHQ1D&O.RQ]HQWUDWLRQHQ
3.1.5 Rekonstitution des Apo-HsFdx mit dem Eisen-Schwefel-Clusters
%HL GHU KHWHURORJHQ ([SUHVVLRQ YRQ )HUUHGR[LQHQ LQ ( FROL ZXUGH IHVWJHVWHOOW GDVV GHU
(LQEDX GHV (LVHQ6FKZHIHO&OXVWHUV GHU JHVFKZLQGLJNHLWVEHVWLPPHQGH 6FKULWW EHL GHU
6\QWKHVH GLHVHU 3URWHLQH LVW ,Q HLQLJHQ 2UJDQLVPHQ ZXUGHQ 2SHURQV LGHQWLIL]LHUW GLH
3URWHLQH FRGLHUHQ ZHOFKH GHQ (LQEDX YRQ (LVHQ6FKZHIHO .RPSOH[HQ NDWDO\VLHUHQ
1DNDPXUDHWDO'HVKDOEOLHIHUWGLH([SUHVVLRQYLHOHU)HUUHGR[LQHRKQHJOHLFK]HLWLJH
hEHUH[SUHVVLRQ GHV LVF2SHURQV ÄLURQ VXOIXU FOXVWHU³ LQ( FROL OHGLJOLFK GLH$SRSURWHLQH
&KHQJHWDO;LDHWDO'LHHQWVSUHFKHQGHQ*HQHGHVLVF2SHURQVNRQQWHQDXFK
LP*HQRPGHV+VDOLQDUXPLGHQWLIL]LHUWZHUGHQQLI62()QLI82()'LHEHLGHQ
*HQHQLI6XQGQLI8ELOGHQHLQ2SHURQDOOHUGLQJVOLHJHQVLHQLFKWLQGHU1lKHGHVIG[*HQV
ZLHHV]% LQ$YLQHODQGLL GHU )DOO LVW =KHQJ HW DO 'HQ3URWHLQHQ1LI6XQG1LI8
ZLUG HLQH 5ROOH EHL GHU %LOGXQJ XQG GHU 5HSDUDWXU YRQ (LVHQ6FKZHIHO&OXVWHUQ
]XJHVFKULHEHQDXFKZHQQLKUHJHQDXH)XQNWLRQELVKHUQLFKWJHNOlUWLVW
%HLGHUhEHUH[SUHVVLRQHQYRQ)HUUHGR[LQHQZXUGHKlXILJQXUHLQJHULQJHU7HLOÄLQYLYR³DOV
+RORSURWHLQHUKDOWHQGHVKDOEZXUGHQÄLQYLWUR³5HNRQVWLWXWLRQHQGHU(LVHQ6FKZHIHO&OXVWHU
HWDEOLHUW $XVJHKHQG YRQ )H&O 7KLRODWVDO]HQ 56 XQG HOHPHQWDUHP 6FKZHIHO JHODQJ HV
XQWHUVFKLHGOLFKH)H[6\&OXVWHU]XV\QWKHWLVLHUHQ%HUJ	+ROP%HLQHUWHWDO
'DV EHGHXWHW GDVV GLH 3URWHLQVWUXNWXU QLFKW QRWZHQGLJ LVW GDPLW VLFK GLH YHUVFKLHGHQHQ
(LVHQ6FKZHIHO&OXVWHU ELOGHQ N|QQHQ 'HV ZHLWHUHQ NRQQWH JH]HLJW ZHUGHQ GDVV GLH
5HNRQVWLWXWLRQ HLQLJHU $SRSURWHLQH ]XP +RORSURWHLQ GXUFK =XJDEH YRQ (LVHQ XQG
6XOILGLRQHQXQWHUUHGX]LHUHQGHQ%HGLQJXQJHQP|JOLFKLVW0DONLQ	5DELQRZLW]
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

)UGLH)DOWXQJVVWXGLHQDQ+V)G[ZXUGHHLQ5HNRQVWLWXWLRQVSURWRNROOHWDEOLHUWGDVDQGLHYRQ
6XKDUDHWDOEHVFKULHEHQH5HNRQVWLWXWLRQYRQGHP)H6HQWKDOWHQGHQ5LQGHU$GUHQRGR[LQ
$GUHQDO)HUUHGR[LQDQJHOHKQW LVW6XKDUDHWDO=XHUVWZXUGH+V)G[GXUFK=XJDEH
YRQ7ULFKORUHVVLJVlXUHGHQDWXULHUWXQGDXVGHU/|VXQJDXVJHIlOOW'HU1LHGHUVFKODJZXUGHLQ
7ULVSXIIHU PLW 0 +DUQVWRII XQG P0 '77 UHVXVSHQGLHUW XP QRFK YRUKDQGHQH
6HNXQGlUVWUXNWXUHOHPHQWH]X]HUVW|UHQ8QWHUDQDHUREHQ%HGLQJXQJHQZXUGHQ)HRGHU)H
XQG6 LQ)RUPYRQ)H62)H&O XQG1D6]XJHJHEHQ1DFKGHU=XJDEH YRQ(LVHQ XQG
6XOILGLRQHQ ZXUGH GLH 3UREH JHJHQ 7ULVSXIIHU GLDO\VLHUW XP HLQH +DUQVWRIINRQ]HQWUDWLRQ
XQWHU 0 ]X HUUHLFKHQ 'LHVH 'LDO\VH ZXUGH LQ *HJHQZDUW XQWHUVFKLHGOLFKHU
6DO]NRQ]HQWUDWLRQHQ GXUFKJHIKUW 'LH 1D&O.RQ]HQWUDWLRQ KDWWH HLQHQ HQWVFKHLGHQGHQ
(LQIOX DXI GDV $XVPD PLW GHP GLH 5FNIDOWXQJ GHV KDORSKLOHQ )HUUHGR[LQV VWDWWIDQG
$QP$QPYRU)lOOXQJXQG5HNRQVWLWXWLRQ7DEHOOH
7DEHOOH$EVRUSWLRQVYHUKlOWQLV$QP$QPQDFKGHU5HNRQVWLWXWLRQYRQ+V)G[ LQ$EKlQJLJNHLW YRQ
GHU6DO]NRQ]HQWUDWLRQ
)DOWXQJVH[SHULPHQW     
1D&O.RQ]HQWUDWLRQ     
$QP$QPQDFK
5HNRQVWLWXWLRQ
    
'LHVDO]DEKlQJLJHQ)DOWXQJVVWXGLHQDP+V)G[PDFKWHQGHXWOLFKGDVVGLH5HNRQVWLWXWLRQGHV
+RORSURWHLQVQXU LQ*HJHQZDUWYRQ6DO]NRQ]HQWUDWLRQHQHUIROJWHZHOFKHGLH IUPHVRSKLOH
2UJDQLVPHQSK\VLRORJLVFKH.RQ]HQWUDWLRQGHXWOLFKEHUVWHLJHQ ,Q*HJHQZDUW YRQ P0
1D&O IDQG ]ZDU HLQH 5FNIDOWXQJ GHV +V)G[ VWDWW DEHU GDV JHULQJHUH 9HUKlOWQLV YRQ
$QP$QPYRQ]HLJWHDQGDVVGDV)HUUHGR[LQQLFKWRGHUQXU]XP7HLOQDWLYJHIDOWHQ
YRUOLHJW(UVWXQWHU+RFKVDO]EHGLQJXQJHQZDUHLQHYROOVWlQGLJH5HNRQVWLWXWLRQP|JOLFK
 1056WUXNWXUGHV+V)G[
=XU 6WUXNWXUDXINOlUXQJ YRQ 3URWHLQHQ ZLUG KHXW]XWDJH LQ GHQ EHUZLHJHQGHQ )lOOHQ GLH
5|QWJHQVWUXNWXUDQDO\VH 56$ YHUZHQGHW -HGRFK EOHLEW EHL GHU $QDO\VH GHU
)HVWN|USHUVWUXNWXUHLQHV3URWHLQVLPPHU]XEHGHQNHQGDVVLP.ULVWDOOXQWHUGHQEHVRQGHUHQ
.ULVWDOOLVDWLRQVEHGLQJXQJHQ XQG DXIJUXQG GHU GLFKWHQ 3DFNXQJ GHU 3URWHLQH .UlIWH XQG
:HFKVHOZLUNXQJHQ DXIWUHWHQ N|QQHQ GLH LQ /|VXQJ QLFKW H[LVWLHUHQ 'D HV VLFK EHL GHU
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

+DORSKLOLHXPHLQH3URWHLQHLJHQVFKDIW KDQGHOW GLH LQ/|VXQJEHREDFKWHWZLUG LVW GLH56$
QLFKW GLH JHHLJQHWH0HWKRGH XP GLHVHV 3KlQRPHQ ]X VWXGLHUHQ 'LH 1056SHNWURVNRSLH
KLQJHJHQHUODXEWGLH8QWHUVXFKXQJXQWHUSK\VLRORJLVFKHQ%HGLQJXQJHQ
'LH $XIQDKPH XQG GLH ,QWHUSUHWDWLRQ YRQ 105'DWHQ LVW VRZHLW IRUWJHVFKULWWHQ GDVV GLH
6WUXNWXUDQDO\VHYRQ3URWHLQHQPLWHLQHP0ROHNXODUJHZLFKWELV]XN'DKlXILJDQKDQGGHU
'+6SHNWUHQP|JOLFKLVW)UJU|HUH3URWHLQHLVWGLH4XDOLWlWXQGGLH'LVSHUVLRQGHU+
6SHNWUHQHQWVFKHLGHQGGDIUREHLQHHLQGHXWLJH=XRUGQXQJGHU6LJQDOHHUIROJHQNDQQ
-HGRFKNDQQGXUFKGLH$XIQDKPHYRQ1056SHNWUHQ GHV 1XQG &PDUNLHUWHQ3URWHLQV
]XP HLQHQ GLH 'XUFKIKUXQJ GHU 6WUXNWXUEHUHFKQXQJ GHXWOLFK EHVFKOHXQLJW ZHUGHQ ]XP
DQGHUHQ NDQQ HLQH ZHVHQWOLFK JU|HUH $Q]DKO DQ 'LVWDQ]EHVFKUlQNXQJHQ IU GLH 6WUXNWXU
HUPLWWHOW ZHUGHQ 'LHV EULQJW HLQH YHUEHVVHUWH 4XDOLWlW GHV 6WUXNWXUPRGHOOV PLW VLFK
$XHUGHPHUP|JOLFKWHGLH0DUNLHUXQJGHV+V)G[HLQHDE LQLWLR6WUXNWXUEHVWLPPXQJRKQH
DXI,QIRUPDWLRQHQDXVEHNDQQWHQ.ULVWDOOVWUXNWXUHQ]XUFNJUHLIHQ]XPVVHQ
3.2.1 Isotopenmarkierung von HsFdx
0LWHLQHP0ROHNXODUJHZLFKWYRQN'XQG$PLQRVlXUHQOLHJWGLH*U|HGHV+V)G[
LPREHUHQ*UHQ]EHUHLFKELV]XGHUHLQH6WUXNWXUDQDO\VHDQKDQGGHU+105'DWHQHUIROJ
YHUVSUHFKHQGLVW'LH'+6SHNWUHQGHV+V)G[ZLHVHQHLQHJXWH'LVSHUVLRQGHU6LJQDOHDXI
ZLH DQKDQG GHV '+72&6< 6SHNWUXPV ]X HUNHQQHQ LVW $EELOGXQJ 'LH .UHX]
UHVRQDQ]HQGHU$PLGSURWRQHQPLWGHQ6HLWHQNHWWHQSURWRQHQGHUVLQGEHUGHQJDQ]HQ%HUHLFK
YRQSSPXQGSSPYHUWHLOW
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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$EELOGXQJ'+72&6<YRQ+V)G[ P03URWHLQ LQP01D&O P01DWULXPSKRVSKDWSXIIHU
S+7 .
7URW] GHU JXWHQ 'LVSHUVLRQ NRQQWH GLH 1056WUXNWXU GHV +V)G[ QLFKW DOOHLQ DQKDQG GHU
KRPRQXNOHDUHQ+1056SHNWUHQDQDO\VLHUWZHUGHQ'LHVOLHJWGDUDQGDVVQLFKWDOOH.HUQH
GHV+V)G[6LJQDOHLPQRUPDOHQ%HUHLFKGHU1056SHNWUHQDXIZLHVHQ'LH6WUXNWXUDQDO\VH
DQGHUHU )HUUHGR[LQH KDW JH]HLJW GDVV GHU 3DUDPDJQHWLVPXV GHV R[LGLHUWHQ (LVHQ6FKZHIHO
&OXVWHUVEHZLUNWGDVVGLH6LJQDOHYRQ3URWRQHQLQGHUUlXPOLFKHQ1lKHGHV&OXVWHUVQLFKWLP
%HUHLFKGHUQRUPDOHQFKHPLVFKHQ9HUVFKLHEXQJHQGHWHNWLHUWZHUGHQN|QQHQ*RRGIHOORZ	
0DFHGR  ,P UHGX]LHUWHQ =XVWDQG VLQG GLH (OHNWURQHQ GHU EHLGHQ (LVHQDWRPH
DQWLIHUURPDJQHWLVFK JHNRSSHOW 'HU HUVWH DQJHUHJWH =XVWDQG OLHJW MHGRFK HQHUJHWLVFK VR
QLHGULJGDVVHUEHL5DXPWHPSHUDWXUEHVHW]WXQGGHU.RPSOH[VRPLWSDUDPDJQHWLVFKLVW'LH
IHKOHQGHQ 5HVRQDQ]HQ YRQ FOXVWHUQDKHQ 3URWRQHQ HUVFKZHUWHQ GLH =XRUGQXQJ GHU EULJHQ
1056LJQDOH :HLWHUH 3UREOHPH HUJDEHQ VLFK DXV GHU JHULQJHQ .RQ]HQWUDWLRQ YRQ ±
P0GHV+V)G[XQGGDUDXVGDVVGLH0HVVXQJHQEHL.GXUFKJHIKUWZHUGHQPXWHQ
GDPLWGLH3UREHEHUGHQ0H]HLWUDXPVWDELOZDU'LHQLHGULJH7HPSHUDWXUIKUWH]XHLQHP
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

VFKOHFKWHQ0DJQHWLVLHUXQJVWUDQVIHU LP72&6<GKYLHOH.UHX]NRUUHODWLRQHQEHUPHKUDOV
GUHL%LQGXQJHQZDUHQ QLFKW ]X EHREDFKWHQ XQG HV NRQQWHQ QLFKW IU DOOH$PLQRVlXUHQ GLH
]XJHK|ULJHQ 6SLQV\VWHPH HUKDOWHQ ZHUGHQ )U HLQH P|JOLFKVW YROOVWlQGLJH =XRUGQXQJ GHU
GHWHNWLHUEDUHQ5HVRQDQ]HQZDUVRPLWHLQH,VRWRSHQPDUNLHUXQJGHV+V)G[QRWZHQGLJ
3.2.2 NMR-Daten für HsFdx
'LH$XIQDKPHGHU1056SHNWUHQHUIROJWHPLWHLQHP0+]1056SHNWURPHWHU'5;GHU
)LUPD%UXNHU'LH.RQ]HQWUDWLRQGHU+V)G[3UREHQEHWUXJ]ZLVFKHQP0LQP0
1D&OP03KRVSKDWSXIIHUS+
1HEHQ GHQ KRPRQXNOHDUHQ 6SHNWUHQ ZXUGHQ GLH IROJHQGHQ PHKUGLPHQVLRQDOHQ
KHWHURQXNOHDUHQ105([SHULPHQWHGXUFKJHIKUW$XIGHUOLQNHQ6HLWHVLQGGLH$ENU]XQJHQ
IU GLH 6SHNWUHQ DQJHJHEHQ UHFKWV ZHUGHQ GLH .HUQH DXIJHIKUW GLH ZlKUHQG GHV
([SHULPHQWHVDQJHUHJWXQGGHWHNWLHUWZHUGHQ
'([SHULPHQWH
+1+64& $PLGSURWRQ+L$PLGVWLFNVWRII1L
+&+64& 3URWRQ]XJHK|ULJHU.RKOHQVWRII]%+a&a
'([SHULPHQWH
+&&+&26< 'HU 0DJQHWLVLHUXQJVWUDQVIHU ILQGHW DXVVFKOLHOLFK EHU VNDODUH -
.RSSOXQJ]ZLVFKHQGHQ$WRPHQVWDWW+a&a&b+b
+&&+72&6< V+&&+&26<]XVlW]OLFK+a&a&b&g+gHWF
&7+64& &RQVWDQW7LPH([SHULPHQW]XU8QWHUGUFNXQJYRQ0XOWLSOHWWVWUXNWXUHQ
7ULSHOUHVRQDQ]H[SHULPHQWH
+1+$ $PLGSURWRQ+L$PLGVWLFNVWRII1La3URWRQ+a
+1&2 $PLGSURWRQ+L$PLGVWLFNVWRII1L&DUERQ\ONRKOHQVWRII&L
+1&$ $PLGSURWRQ+L$PLGVWLFNVWRII1La.RKOHQVWRII&aXQG&a, i-1 DOV
VFKZlFKHUH5HVRQDQ]
+1&$&% $PLGSURWRQ+La.RKOHQVWRII&a b.RKOHQVWRII&b
&%&$&21+ b.RKOHQVWRII&b  a.RKOHQVWRII&a  (&DUERQ\ONRKOHQVWRII&LQLFKW
GHWHNWLHUW$PLGVWLFNVWRII1L
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

+%+$&21+ b3URWRQ+b  a3URWRQ+a  (&DUERQ\ONRKOHQVWRII&LQLFKWGHWHNWLHUW
$PLGVWLFNVWRII1L
$QKDQG GHU 7ULSHOUHVRQDQ]H[SHULPHQWH +1&2 +1&$ &%&$&21+ XQG +1&$&%
NRQQWHQ$PLGUHVRQDQ]HQ YRQGHQ$PLQRVlXUHQGHV3URWHLQUFNJUDWHV ]XJHRUGQHW
ZHUGHQVLHKH0DWHULDOXQG0HWKRGHQGLHGUHL3UROLQUHVWHEHVLW]HQNHLQH$PLGSURWRQHQ
,P 1+64&6SHNWUXP VLQG GLH .UHX]UHVRQDQ]HQ GHU $PLGSURWRQHQ PLW GHQ
$PLGVWLFNVWRIIHQ]XHUNHQQHQ1HEHQGHQ6LJQDOHQGHU$PLGHGHV3HSWLGUFNJUDWV VLQGGLH
5HVRQDQ]HQ GHU 6HLWHQNHWWHQDPLGH ]X VHKHQ ,Q GHP 1+64&6SHNWUXP ZXUGHQ GLH
]XJHRUGQHWHQ $PLGSURWRQHQUHVRQDQ]HQ PLW GHQ ]XJHK|ULJHQ $PLQRVlXUHQ EHVFKULIWHW
$EELOGXQJ)UGLH$PLQRVlXUHQXQGNRQQWHQNHLQH6LJQDOHGHWHNWLHUW
ZHUGHQ(LQ9HUJOHLFKPLWGHU.ULVWDOOVWUXNWXUGHVKRPRORJHQ+P)G[ OHJWQDKHGDVVGLHVH
5HVRQDQ]HQ DXIJUXQG GHU 1lKH GHU $PLQRVlXUHQ ]XP SDUDPDJQHWLVFKHQ (LVHQ6FKZHIHO
&OXVWHUQLFKWEHREDFKWHWZHUGHQN|QQHQ
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ  +1+64& 6SHNWUXP YRQ 1+V)G[ 3UREH LQ 0 1D&O P0 1DWULXP
SKRVSKDWSXIIHUS+
)U GLH $PLQRVlXUHQ GHUHQ $PLGUHVRQDQ]HQ LGHQWLIL]LHUW ZXUGHQ NRQQWHQ GLH LQWHU XQG
LQWUDUHVLGXHOOHQ &a XQG &b 9HUVFKLHEXQJHQ EHVWLPPW ZHUGHQ $XHUGHP NRQQWHQ GLH
5HVRQDQ]HQGHU]XJHK|ULJHQ+aXQGGHU+b$WRPH]XJHRUGQHWZHUGHQ
'LH5HVRQDQ]HQGHUDURPDWLVFKHQ3URWRQHQNRQQWHQGXUFK$QDO\VHGHU'12(6<6SHNWUHQ
HLQHU 3UREH LQ '2 ]XJHRUGQHW ZHUGHQ :lKUHQG GHU 0HVVXQJHQ EHJDQQ GLH ODQJVDPH
=HUVHW]XQJGHU3UREH'LH VWDUNHQ5HVRQDQ]HQGHVHQWIDOWHWHQ3URWHLQV VWHOOWHQ HLQ3UREOHP
EHL GHU ,GHQWLIL]LHUXQJ GHU6LJQDOH GHU DOLSKDWLVFKHQ 6HLWHQNHWWHQ GDU'HVKDOE NRQQWHQ QXU
GHUDOLSKDWLVFKHQ3URWRQHQXQG.RKOHQVWRIIUHVRQDQ]HQ]XJHRUGQHWZHUGHQ6FKZHLPHU
HW DO  'LH =XRUGQXQJ LVW LQ GHU %LR0DJ5HV%DQN XQWHU GHU =XJULIIVQXPPHU 
KLQWHUOHJW
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

9RUKHUVDJHQIU6HNXQGlUVWUXNWXUHOHPHQWHZXUGHQDQKDQGGHUVHNXQGlUHQFKHPLVFKHQ9HU
VFKLHEXQJHQGHU+a&a VRZLHGHU&25HVRQDQ]HQJHPDFKW$EELOGXQJ'LH0HWKRGHGHV
FKHPLFDO VKLIW LQGH[ &6, ZXUGH YRQ :LVKDUW HW DO YRUJHVWHOOW 6LH ZXUGH DXIJUXQG GHU
HPSLULVFKHQ %HREDFKWXQJ HQWZLFNHOW GDVV GLH .HUQH DEKlQJLJ YRQ GHU XPJHEHQGHQ
6HNXQGlUVWUXNWXUXQWHUVFKLHGOLFKHFKHPLVFKH9HUVFKLHEXQJHQEHVLW]HQ:LVKDUWHWDO
'LHFKHPLVFKH9HUVFKLHEXQJGHU+a 3URWRQHQVLQG]%VLQGLQHLQHUa+HOL[LP9HUJOHLFK]X
LKUHU FKHPLVFKHQ 9HUVFKLHEXQJ LP .QlXHO UDQGRP FRLO ]X K|KHUHP )HOG YHUVFKREHQ
ZlKUHQGLQb)DOWEOlWWHUQGLHFKHPLVFKHQ9HUVFKLHEXQJHQGHU+a3URWRQHQEHLWLHIHUHP)HOG
OLHJHQ6RZLUGGHQFKHPLVFKHQ9HUVFKLHEXQJHQHLQHVHNXQGlUH9HUVFKLHEXQJHLQ&KHPLFDO
6KLIW ,QGH[&6,YRQXQG ]XJHRUGQHW MHQDFKGHPRE LKUH:HUWH LP9HUJOHLFK]X
LKUHQ9HUVFKLHEXQJHQ LP.QlXHO ]X K|KHUHP JDU QLFKW RGHU ]X WLHIHUHP )HOG YHUVFKREHQ
VLQG
'HPQDFK VLQG GLH5HVWH    XQG YRUDXVVLFKWOLFK DQ GHU$XVELOGXQJ
YRQb)DOWEOlWWHUQEHWHLOLJW'LH$PLQRVlXUHQXQGN|QQWHQVLFKLQ
aKHOLNDOHQ%HUHLFKHQEHILQGHQ
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ  &6, GHU +a &a XQG &2$WRPH YRQ +V)G[ $XIWUDJXQJ JHJHQ GLH 6HTXHQ]SRVLWLRQ GHU
]XJHK|ULJHQ $PLQRVlXUH 'LH DXIJUXQG GHU &6,V JHWURIIHQH 6HNXQGlUVWUXNWXUYRUKHUVDJH LVW REHUKDOE
HLQJH]HLFKQHW HLQ3IHLO IUb)DOWEOlWWHU HLQ=\OLQGHU IUa+HOLFHV'LH6WHUQHEH]HLFKQHQ GLH5HVWH GHUHQ
5HVRQDQ]HQDXIJUXQGLKUHU1lKH]XPSDUDPDJQHWLVFKHQ=HQWUXPQLFKWEHREDFKWHWZHUGHQN|QQHQ
0LW+LOIHGHU$PLGSURWRQHQDXVWDXVFKVSHNWURVNRSLHNRQQWHQEHUGDV$XVWDXVFKYHUKDOWHQGHU
$PLGSURWRQHQ ZHLWHUH $XVVDJHQ EHU 6HNXQGlUVWUXNWXUHOHPHQWH JHPDFKW ZHUGHQ 'DV
O\RSKLOLVLHUWH3URWHLQZXUGHLQ'2JHO|VWXQGQDFKPLQZDUHQQRFK6LJQDOHLP+1
+64&6SHNWUXPGHWHNWLHUEDU'LHVH5HVRQDQ]HQJHK|UHQHQWZHGHU]X$PLGSURWRQHQGLHDQ
GHU$XVELOGXQJ YRQ:DVVHUVWRIIEUFNHQELQGXQJHQ EHWHLOLJW VLQG RGHU ]X$PLGSURWRQHQ LQ
K\GURSKREHQ %HUHLFKHQ LQ GHQHQ NHLQ $XVWDXVFK YRQ :DVVHUPROHNOHQ PLW GHP
/|VXQJVPLWWHOVWDWWILQGHW
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

)U.HUQHLQGHU1lKHGHVSDUDPDJQHWLVFKHQ)H6=HQWUXPVNRQQWHQNHLQH12(6LJQDOH
HUKDOWHQ ZHUGHQ 'LHVHV 3UREOHP NDQQ GXUFK XQWHUVFKLHGOLFKH $QVlW]H JHO|VW ZHUGHQ
*RRGIHOORZ 	 0DFHGR  =XP HLQHQ N|QQHQ GLH (LVHQDWRPH N|QQHQ GXUFK
GLDPDJQHWLVFKH0HWDOODWRPHHUVHW]WZHUGHQ5HNRQVWLWXWLRQVH[SHULPHQWHGHV$SR+V)G[PLW
*D&O DQVWHOOH YRQ )H&O OLHIHUWHQ MHGRFK NHLQ QDWLYHV 3URWHLQ :HQQ DQKDQG GHU 105
6SHNWUHQ NHLQH ,QIRUPDWLRQHQ EHU GLH$PLQRVlXUHQ QDKH ]XP DNWLYHQ=HQWUXP JHZRQQHQ
ZHUGHQNDQQN|QQHQ'LVWDQ]EHVFKUlQNXQJHQDXVEHNDQQWHQ6WUXNWXUHQKRPRORJHU3URWHLQHQ
YHUZHQGHW ZHUGHQ 'HVKDOE ZXUGHQ IU GLH FOXVWHUQDKHQ $PLQRVlXUHQ 'LVWDQ]EHVFKUlQ
NXQJHQ XQG GLKHGUDOH:LQNHO GHU .ULVWDOOVWUXNWXU YRQ +P)G[ HQWQRPPHQ (V VLQG HLQLJH
.ULVWDOOVWUXNWXUHQ YRQ 3IODQ]HQW\SIHUUHGR[LQHQ EHNDQQW GLH HLQH VWDUNH .RQVHUYLHUXQJ GHU
6WUXNWXU LQ&OXVWHUQlKHDXIZHLVHQ ,KUHbKQOLFKNHLW]XGHU$QRUGQXQJGHU$PLQRVlXUHQ LP
+P)G[ODVVHQGHQ6FKOX]XGDVVDXFKGHU&OXVWHUEHUHLFKYRQ+V)G[DQDORJDXIJHEDXWLVW
)UGLH12(6LJQDOHZXUGHQ IROJHQGH'LVWDQ]EHVFKUlQNXQJHQ]XJHODVVHQ)U VWDUNH12(
5HVRQDQ]HQZXUGHHLQ$EVWDQGYRQELV]XcGHUZHFKVHOZLUNHQGHQ.HUQH]XJHODVVHQIU
PLWWOHUH12(6LJQDOHcXQGIUVFKZDFKHc'LH$Q]DKOGHU'LVWDQ]EHVFKUlQNXQJHQ
VHW]W VLFK DXV ]XJHRUGHQHWHQ12(5HVRQDQ]HQ:DVVHUVWRIIEUFNHQELQGXQJHQ XQG:LQNHO
EHVFKUlQNXQJHQZLHIROJW]XVDPPHQ
7DEHOOHhEHUVLFKWGHU'LVWDQ]EHVFKUlQNXQJHQGLHDXIJUXQGGHU105'DWHQJHZRQQHQZHUGHQ
NRQQWHQ
12(V
*HVDPW 
,QWUDUHVLGXDO _LM_  
,QWHUUHVLGXDO
6HTXHQWLHOO _LM_  
³0HGLXPUDQJH´  LM  
³/RQJUDQJH´   LM  
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:DVVHUVWRIIEUFNHQELQGXQJHQ 
f:LQNHO 
=XU %HUHFKQXQJ GHU 3URWHLQVWUXNWXU DXV GHQ $EVWDQGVEHGLQJXQJHQ XQG :LQNHOEHVFKUlQ
NXQJHQ ZXUGHQ ]ZHL $QVlW]H JHZlKOW 'HU HUVWH $QVDW] 3'%'DWHQEDQNHLQWUDJ (2=
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

HQWKLHOWQHEHQGHQH[SHULPHQWHOO$EVWDQGVEHVFKUlQNXQJHQ]XVlW]OLFKH5DQGEHGLQJXQJHQIU
GHQFOXVWHUQDKHQ%HUHLFKDXVGHU.ULVWDOOVWUXNWXUYRQ+P)G[
,QHLQHPZHLWHUHQ$QVDW]ZXUGHEHUSUIWREGLH%HVWLPPXQJGHUFOXVWHUIHUQHQ6WUXNWXUGHV
+V)G[ DXVVFKOLHOLFK PLW GHQ 'DWHQ DXV GHQ 1050HVVXQJHQ P|JOLFK ZDU XQG RE GLH
]XVlW]OLFKHQ:HUWH IUGHQFOXVWHUQDKHQ%HUHLFKKLHUIUQLFKW HUIRUGHUOLFKZDUHQ(VZXUGH
HLQ]ZHLWHU$QVDW]JHUHFKQHW GHU DXVVFKOLHOLFK'DWHQ DXVGHU$QDO\VHGHU1056SHNWUHQ
HQWKLHOW3'%'DWHQEDQNHLQWUDJ(
)UEHLGH$QVlW]HZXUGHQMHZHLOV6WUXNWXUPRGHOOHEHUHFKQHW
)U (2= ZXUGHQ  6WUXNWXUPRGHOOH DXIJUXQG LKUHU QLHGULJHQ *HVDPWHQHUJLH XQG LKUHU
JHULQJHQ $Q]DKO DQ 'LVWDQ]YHUOHW]XQJHQ DXVJHZlKOW 'LHVH 6WUXNWXUHQVFKDU EHVLW]W HLQHQ
UPVG:HUWYRQcIUGDVJHVDPWH3URWHLQUFNJUDWXQGcLPFOXVWHUIHUQHQ%HUHLFK
'LH]ZHLWH0HWKRGHOLHIHUWH6WUXNWXUHQIU('LH$EZHLFKXQJGHU&a$WRPHGLHLQ
GLHVHP )DOO RKQH %HVFKUlQNXQJHQ IU GHQ %HUHLFK XP GHQ (LVHQ6FKZHIHO.RPSOH[
EHUHFKQHW ZXUGHQ OLHJW EHL c 'LH hEHUODJHUXQJ GHUPLWWOHUHQ 6WUXNWXUHQ GHU EHLGHQ
5HFKQXQJHQ EHVLW]W HLQHQ UPVG:HUW YRQ c IU GLH 5FNJUDWDWRPH GHU 9HUJOHLFK GHU
FOXVWHUIHUQHQ %HUHLFKH OLHIHUW HLQHQ UPVG :HUW YRQ c 'DV 6WUXNWXUPRGHOO (2=
ZHOFKHVPLW]XVlW]OLFKHQ:HUWHQIUFOXVWHUQDKH$PLQRVlXUHQJHUHFKQHWZXUGHEHVLW]W]ZDU
HLQHQXPcNOHLQHUHQUPVG:HUWIUGLHFOXVWHUIHUQH&a6SXUDEHUGLH%HUHFKQXQJGHU
6WUXNWXU YRQ +V)G[ LQ /|VXQJ ZDU XQDEKlQJLJ YRQ GHU .HQQWQLV GHU .ULVWDOOVWUXNWXU YRQ
+P)G[ HUIROJUHLFK $OOHLQ DQKDQG GHU ,QIRUPDWLRQHQ DXV GHQ 1050HVVXQJHQ NRQQWHQ
6HNXQGlUXQG7HUWLlUVWUXNWXUGHV FOXVWHUIHUQHQ%HUHLFKV ]XGHPDXFKGLHKDORSKLOH([WUD
'RPlQH DXV GHQ +HOLFHV a XQG a JHK|UW YRP +V)G[ PLW JXWHU $XIO|VXQJ EHUHFKQHW
ZHUGHQ
8PGLHbQGHUXQJGHU6WUXNWXUGHV+V)G[PLWGHU6DO]NRQ]HQWUDWLRQ]XXQWHUVXFKHQZXUGHQ
HEHQIDOOV6SHNWUHQYRQ+V)G[LQ01D&ODXIJHQRPPHQ(VNRQQWHNHLQH9HUVFKLHEXQJ
GHU5HVRQDQ]HQIHVWJHVWHOOWZHUGHQ'LH6WUXNWXUYRQ+V)G[ LQ+RFKVDO]XQWHUVFKHLGHWVLFK
IROJOLFKQLFKWZHVHQWOLFKYRQGHULQP01D&O
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3.2.3 Struktur des HsFdx
(LQHhEHUODJHUXQJGHUHQHUJLHlUPVWHQ6WUXNWXUHQGHV+V)G[DXVGHU5HFKQXQJ(LVWLQ
GHUAbbildung 21JH]HLJW
$EELOGXQJhEHUODJHUXQJGHUHQHUJLHlUPVWHQ6WUXNWXUHQGHV+V)G[&a.HWWHJHOEGLHPLW+LOIH
GHU 105'DWHQ EHUHFKQHW ZXUGHQ ( 'DV 3HSWLGUFNJUDW GHU GDUDXV JHPLWWHOWHQ 6WUXNWXU LVW LQ OLOD
GDUJHVWHOOW
'LH 6WUXNWXU GHV )HUUHGR[LQV DXV+ VDOLQDUXP LVW DXV HLQHP JHPLVFKWHQ YLHUVWUlQJLJHQb
)DOWEODWW DXIJHEDXW ZHOFKHV YRQ HLQHU a+HOL[ IODQNLHUW ZLUG $EELOGXQJ  'DV
YLHUVWUlQJLJHb)DOWEODWWZLUGYRQGHQDQWLSDUDOOHOHQ6WUlQJHQbXQGbJHELOGHW
GHP]XbSDUDOOHOHQ6WUDQJbXQGGHP]X6WUDQJbDQWLSDUDOOHOHQ6WUDQJb
'DVYLHUVWUlQJLJHb)DOWEODWWZLUGYRQGHU+HOL[aIODQNLHUW'LH+HOL[a
EHILQGHWVLFKLQGHU1lKHGHVDNWLYHQ=HQWUXPV'LHDFLGH'RPlQHQDKH]XP1
7HUPLQXV ZLUG DXV GHQ +HOLFHVa  XQGa  JHELOGHW GLH GXUFK HLQHQ /RRS
YHUEXQGHQVLQG
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ6FKHPDWLVFKH'DUVWHOOXQJGHUJHPLWWHOWHQ6WUXNWXUGHV+V)G[b)DOWEOlWWHUVLQGLQJUQa
+HOLFHVLQURWGDUJHVWHOOW'LH(LVHQDWRPHGHV(LVHQ6FKHIHO&OXVWHUVVLQGLQURWDEJHELOGHWGLH6FKZHIHODWRPH
LQJHOE
'LH EHLGHQ +HOLFHGV aa ZHUGHQ LP )ROJHQGHQ DOV ([WUD'RPlQH EH]HLFKQHW 'LH 
VDXUHQ5HVWHLQGLHVHP%HUHLFKEHILQGHQVLFKDXVVFKOLHOLFKDXIGHU2EHUIOlFKHGHV3URWHLQV
'LH GRPLQLHUHQGHQ K\GURSKREHQ .RQWDNWH LP .HUQEHUHLFK GHV 3URWHLQV NRPPHQ YRQ GHU
6HLWH GHU b)DOWEOlWWHU KDXSWVlFKOLFK GXUFK GLH :HFKVHOZLUNXQJ YRQ DURPDWLVFKHQ
$PLQRVlXUHQ<<:<]XVWDQGH%HLGHQK\GURSKREHQ$PLQRVlXUHQGHU+HOL[
KDQGHOWHVVLFKYRUDOOHPXPDOLSKDWLVFKH5HVWH/HXFLQ,VROHXFLQXQG9DOLQ
'LH1WHUPLQDOH,QVHUWLRQZHFKVHOZLUNWEHUGLH$PLQRVlXUHQ//)XQG$
PLW / XQG < GHV K\GURSKREHQ .HUQV 'LH hEHUODJHUXQJ YRQ  HTXLYDOHQWHQ
$PLQRVlXUHSRVLWLRQHQGHU1056WUXNWXUGHV+V)G[PLWGHU.ULVWDOOVWUXNWXUYRQ+DORDUFXOD
PDULVPRUWXL)HUUHGR[LQ +P)G[GXUFKGDV3URJUDPPÄJDBILW³ HUJDE HLQHQ UPVG:HUWGHU
5FNJUDWDWRPH YRQ  c 'LH 2ULHQWLHUXQJ GHV &DUER[\WHUPLQXV ZXUGH EHL GLHVHU
hEHUODJHUXQJ QLFKW EHUFNVLFKWLJW GD VLH DXIJUXQG IHKOHQGHU12(5HVRQDQ]HQ DQKDQG GHU
105'DWHQ QLFKW EHVWLPPW ZHUGHQ NRQQWH ,Q GHU .ULVWDOOVWUXNWXU GHV +P)G[ OLHJW  GHU
&DUER[\WHUPLQXV QDKH EHLP DNWLYHQ =HQWUXP ZDV GDIU VSULFKW GDVV GLH 12( 6LJQDOH
DXIJUXQG GHU:HFKVHOZLUNXQJHQPLW GHP SDUDPDJQHWLVFKHQ&OXVWHU QLFKW GHWHNWLHUEDU VLQG
$EELOGXQJ
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
)UGDV7U\SWRSKDQNRQQWHQNHLQH12(6LJQDOHGHWHNWLHUWZHUGHQXQGDXVGLHVHP*UXQG
NRQQWH VHLQH 2ULHQWLHUXQJ LQ %H]XJ DXI EHQDFKEDUWH $PLQRVlXUHQ QLFKW EHVWLPPW ZHUGHQ
'LHVH $PLQRVlXUH ELOGHW LQ GHU .ULVWDOOVWUXNWXU GHV +P)G[ YLHOH K\GURSKREH :HFKVHO
ZLUNXQJHQDXVGLHIUGLH2ULHQWLHUXQJGHUVDXUHQ'RPlQH]XVWlQGLJVLQG)UGLH%
)DNWRUHQ GHU $PLQRVlXUHQ DXV GHQ EHLGHQ a+HOLFHV  XQG  ZXUGHQ EHL GHQ
HUVWHQNULVWDOORJUDSKLVFKHQ0HVVXQJHQK|KHUH:HUWH LP9HUJOHLFK]XP5HVWEHREDFKWHW VR
GDVVG\QDPLVFKH(IIHNWH LQ/|VXQJ IUGDV)HKOHQGHU6LJQDOHYHUDQWZRUWOLFK VHLQN|QQWHQ
(LVHQEHUJHWDO
8PGLH6HLWHQNHWWHQG\QDPLNGHV3URWHLQV]XXQWHUVXFKHQZXUGHQ5HOD[DWLRQVVWXGLHQDQGHP
1PDUNLHUWHQ3URWHLQGXUFKJHIKUW
3.2.4 Flexibilität der Aminosäurereste des HsFdx
'LH'\QDPLNXQGGDPLWGLH)OH[LELOLWlWHLQ]HOQHU$PLQRVlXUHUHVWHNDQQDQKDQGGHU$QDO\VH
YRQ 1+6SHNWUHQ EHVWLPPW ZHUGHQ )U HLQH 6WDQGDUGDQDO\VH ZHUGHQ GLH 5HOD[DWLRQV
]HLWHQGHU1.HUQH76SLQ*LWWHUXQG76SLQ6SLQEHVWLPPW8PGLH%HZHJOLFKNHLWGHV
$PLQRVlXUHUFNJUDWHV]XVWXGLHUHQ VLQGEHVRQGHUVGLH^+`112(VQW]OLFK .D]DQLV	
3RFKDSVN\ )DUURZHW DO 'LH^+`112(V VWHOOHQGDV9HUKlOWQLVGHU 1
3HDNLQWHQVLWlWHQEHL6lWWLJXQJGHU3URWRQHQXQGRKQHGLHVH ]XHLQDQGHUGDU6RODQJH'LSRO
'LSRO:HFKVHOZLUNXQJHQ GHV6WLFNVWRIIVPLW GHPJHEXQGHQHQ3URWRQ GLH+DXSWXUVDFKH IU
GLH5HOD[DWLRQVLQG VWHOOW GDV12(9HUKlOWQLV HLQ0D IUGLH)OH[LELOLWlW GHU ]XJHK|ULJHQ
$PLQRVlXUHQGDU$OOHUGLQJVN|QQHQSDUDPDJQHWLVFKH(IIHNWHGLH5HOD[DWLRQVZHUWHHEHQIDOOV
EHHLQIOXVVHQ
'LH 12(:HUWH YDULLHUHQ LQ GHU 5HJHO ]ZLVFKHQ  XQG  EHL 0+] .D\ HW DO
'LH:HUWH N|QQHQ GXUFK GHQ$XVWDXVFK YRQ$PLGSURWRQHQPLW:DVVHU YHUXUVDFKW
DXFKHWZDVK|KHUOLHJHQ%HHVHUHWDO
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ  9HUKlOWQLV ^+`1 12( GHU 1 3HDNLQWHQVLWlWHQ PLW XQG RKQH 6lWWLJXQJ GHU $PLG
SURWRQHQ$XIJHWUDJHQJHJHQGLH6HTXHQ]SRVLWLRQGHU]XJHK|ULJHQ$PLQRVlXUH
6HTXHQ]SRVLWLRQ
           
^ +
` 1
12
(







'LH HLQKHLWOLFKHQ 12( :HUWH QDKH GHP WKHRUHWLVFKHQ 0D[LPXP OHJHQ QDKH GDVV GLH
)OH[LELOLWlWHQ DOOHU $PLQRVlXUHQ lKQOLFK VLQG 6RPLW VLQG NHLQH EHVRQGHUHQ %HUHLFKH LP
+V)G[ DXV]XPDFKHQ LQ GHQHQ GLH $PLQRVlXUHQ HLQH K|KHUH %HZHJOLFKNHLW ]HLJHQ 6WDUNH
$EZHLFKXQJHQGHU12(:HUWHQDFKREHQVLQGZDKUVFKHLQOLFKDXIGHQ(LQIOXSDUDPDJQHWL
VFKHU(IIHNWHDXIGLH5HOD[DWLRQ]XUFN]XIKUHQ
8P IHVW]XVWHOOHQ RE GLH (QWIDOWXQJ GHV +V)G[ PLW GHU 'HQDWXULHUXQJ GHU ([WUD'RPlQH
EHJLQQW ZXUGH GLH WHPSHUDWXUDEKlQJLJH (QWIDOWXQJ GHV 3URWHLQV 105VSHNWURVNRSLVFK
XQWHUVXFKW
3.2.5 Temperaturabhängige Entfaltung des HsFdx
*HUDGH DXI GHP *HELHW GHU )DOWXQJVVWXGLHQ KDW VLFK GLH 1056SHNWURVNRSLH ]X HLQHU
OHLVWXQJVIlKLJHQ0HWKRGH HQWZLFNHOW hEHU GLH bQGHUXQJ GHU 6LJQDOLQWHQVLWlW PLW GHU =HLW
NDQQ HLQH 9HUlQGHUXQJ GHU 8PJHEXQJ MHGHU HLQ]HOQHQ $PLQRVlXUH GHWHNWLHUW ZHUGHQ
:lKUHQGGHU(QWIDOWXQJHLQHV3URWHLQVNRPPHQ5HVWHLQHLQHK\GURSKLOH8PJHEXQJGLHVLFK
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

XUVSUQJOLFK LP K\GURSKREHQ .HUQ EHIDQGHQ 'LHVH .RQIRUPDWLRQVlQGHUXQJ EULQJW HV PLW
VLFK GDVV VLFK GLH FKHPLVFKH 8PJHEXQJ GHU .HUQH YHUlQGHUW 'DUDXV UHVXOWLHUW HLQH
bQGHUXQJ LKUHU FKHPLVFKHQ 9HUVFKLHEXQJHQ XQG GHU .UHX]NRSSOXQJHQ GHU .HUQH
XQWHUHLQDQGHU$XIJUXQGGHUJXWHQ$XIO|VXQJGHU6LJQDOHHLJQHQVLFKJHUDGH+1+64&
6SHNWUHQGD]XGHQ=HUIDOOHLQHU3URWHLQVWUXNWXU]XVWXGLHUHQ
%HYRUGLH1050HVVXQJHQGXUFKJHIKUWZHUGHQNRQQWHQPXVVWHQ JHHLJQHWH%HGLQJXQJHQ
IU=HUVHW]XQJVPHVVXQJHQHUPLWWHOWZHUGHQ'LH(QWIDOWXQJGHV)HUUHGR[LQVPXVVWHLQHLQHP
GXUFK1050HVVXQJHQEHREDFKWEDUHQ=HLWUDXPHUIROJHQ )U HLQ +1+64&6SHNWUXP
ZXUGHQ GLH 6LJQDOH EHU HLQH 6WXQGH DGGLHUW 'DPLW GLH 0LWWHOZHUWELOGXQJ EHU GLHVHQ
=HLWUDXP DXVVDJHNUlIWLJ ZDU XQG NHLQH JURHQ $EZHLFKXQJHQ DXIWUDWHQ PXWH GLH +DOE
ZHUWV]HLWGHU'HQDWXULHUXQJGHXWOLFKJU|HUDOVHLQH6WXQGHVHLQ'HVKDOEZXUGHQ6WDELOLWlWV
PHVVXQJHQ EHL XQWHUVFKLHGOLFKHQ 7HPSHUDWXUHQ GXUFKJHIKUW XP GLH 7HPSHUDWXU ]X
EHVWLPPHQEHLGHUVLFKHLQ*URWHLOGHV+V)G[LQQHUKDOEYRQ]ZHLELVGUHL7DJHQHQWIDOWHWH
'LH 6DO]NRQ]HQWUDWLRQ GHU /|VXQJ ZXUGH DXI P0 1D&O XQG GHU S+ :HUW DXI 
HLQJHVWHOOWXPXQWHUGHQJOHLFKHQ3XIIHUEHGLQJXQJHQ]XDUEHLWHQZLHEHLGHQ0HVVXQJHQIU
GLH6WUXNWXUDQDO\VH
(V VWHOOWH VLFK KHUDXV GDVV HLQH 7HPSHUDWXU YRQ & IU 'HQDWXULHUXQJVH[SHULPHQWH
RSWLPDO LVW GDGLH$EVRUSWLRQVLQWHQVLWlW EHL QP LQQHUKDOE YRQ K EHL &XP
]XUFNJLQJXQGVRPLWGHXWOLFKH,QWHQVLWlWVlQGHUXQJHQGHU1056LJQDOH]XHUZDUWHQZDUHQ
V$EELOGXQJ%HLK|KHUHQ7HPSHUDWXUHQIDQGGLH=HUVHW]XQJ]XVFKQHOOVWDWWXPVLHDXI
GHU105=HLWVNDODEHREDFKWHQ]XN|QQHQWò& PLQWò& K
$EELOGXQJ  =HLWYHUODXI GHU $EVRUSWLRQVlQGHUXQJ EHL QP GHV +V)G[ LQ $EKlQJLJNHLW YRQ GHU
7HPSHUDWXU3UREHLQP01D&OP01DWULXPSKRVSKDWSXIIHUS+QDFK,QNXEDWLRQEHL&XQG
EHL&
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8PGLH(QWIDOWXQJ YRQ+V)G[ ]X YHUIROJHQZXUGHQ QDFKHLQDQGHU  1+64&6SHNWUHQ
DXIJHQRPPHQGLHMHZHLOVGLH0LWWHOXQJEHUGHQ=HLWUDXPYRQHWZDHLQHU6WXQGHGDUVWHOOWHQ
9RQ GLHVHQ ZXUGHQ  6SHNWUHQ IU GLH ZHLWHUH $QDO\VH DXVJHZlKOW ]ZLVFKHQ GHUHQ
$XIQDKPH MHZHLOV HLQ =HLWUDXP YRQ HWZD VHFKV 6WXQGHQ ODJ =ZDU XQWHUVFKHLGHQ VLFK GLH
FKHPLVFKHQ9HUVFKLHEXQJHQGHUHLQ]HOQHQ$PLQRVlXUHQEHL&YRQGHUEHL&DEHUGLH
6LJQDOHEHVLW]HQGLHVHOEHUHODWLYH3RVLWLRQ]XHLQDQGHU'XUFK9HUJOHLFKHLQHV6SHNWUXPVEHL
& PLW HLQHP EHL & ZXUGH GLH =XRUGQXQJ IU HLQ 5HIHUHQ]VSHNWUXP GXUFKJHIKUW
$QVFKOLHHQG ZXUGHQ GLH UHVWOLFKHQ 6SHNWUHQ JHJHQ GLHVHV DEJHJOLFKHQ 6R NRQQWHQ GLH
5HVRQDQ]HQGHVHQWIDOWHWHQ3URWHLQVDXVVRUWLHUWZHUGHQ'LH=XRUGQXQJHLQLJHU6LJQDOH OLH
VLFKDQKDQGGHV1+64&6SHNWUXPVQLFKWHLQGHXWLJWUHIIHQ7DEHOOH
$EELOGXQJ  105,QWHQVLWlWVYHUODXI HLQHU UHSUlVHQWDWLYHQ $XVZDKO YRQ 1056LJQDOHQ (V LVW HLQH
$XVZDKO GHV ,QWHQVLWlWVYHUODXIV PLW GHU =HLW YRQ HLQ]HOQHQ 3HDNV GHV +V)G[ GDUJHVWHOOW 'LH $XVZDKO GHU
5HVRQDQ]HQ HUIROJWH ]XIlOOLJ (V ZXUGHQ GLH 6LJQDOH XQWHUVFKLHGOLFKHU $PLQRVlXUHQ DXVJHZlKOW GLH VLFK LQ
YHUVFKLHGHQHQ %HUHLFKHQ GHV 3URWHLQV EHILQGHQ 'LH =XRUGQXQJ GHU 5HVRQDQ]HQ LVW LQ GHU /HJHQGH GHV
'LDJUDPPVDXIJHIKUW
'LH,QWHQVLWlWHQGHU]XJHRUGQHWHQ5HVRQDQ]HQZXUGHJHJHQGLH=HLWGHU,QNXEDWLRQEHL&
DXIJHWUDJHQ (LQH UHSUlVHQWDWLYH $XVZDKO GHU 6LJQDOH YRQ .HUQHQ DXV GHQ YHUVFKLHGHQHQ
%HUHLFKHQ GHV +V)G[ ]HLJW GDVV GHU =HLWYHUODXI GHU PHLVWHQ 6LJQDOH lKQOLFK LVW
$EELOGXQJ
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1XU IU ZHQLJH 5HVWH ]HLJW GLH ,QWHQVLWlW GHU ]XJHK|ULJHQ $PLGSURWRQHQUHVRQDQ] HLQHQ
DQGHUHQ]HLWOLFKHQ9HUODXIDOVGHU'XUFKVFKQLWW $EELOGXQJ(LQH ODQJVDPHUH$EQDKPH
GHU 6LJQDOLQWHQVLWlW NDQQ DXFK GDGXUFK ]XVWDQGH NRPPHQ GDVV GDV HQWIDOWHWH $SRSURWHLQ
]XIlOOLJ GLHVHOEH $PLGSURWRQHQUHVRQDQ] ]HLJW XQG HLQ JHULQJHUHU $QWHLO DQ +RORSURWHLQ
GXUFK GLH 6WHLJHUXQJ GHU $SRSURWHLQNRQ]HQWUDWLRQ DXVJHJOLFKHQ ZLUG (LQH VFKQHOOHUH
,QWHQVLWlWVDEQDKPH KLQJHJHQ EHGHXWHW GDVV VLFK GLH 8PJHEXQJ GHV ]XJHK|ULJHQ 5HVWHV
IUKHUlQGHUW DOVGLHGHUDQGHUHQXQGGLH6WUXNWXU LQGLHVHP%HUHLFKEHLGHU(QWIDOWXQJGHV
3URWHLQVVFKQHOOHUDXIEULFKW(LQHUDVFKHUH,QWHQVLWlWVDEQDKPHZLUGQXUIU]ZHL6HLWHQNHWWHQ
DPLGH XQG GLH EHLGHQ $PLGH GLH ]X GHQ $PLQRVlXUHQ 7 XQG $ RGHU ' JHK|UHQ
EHREDFKWHW
$EELOGXQJ'DUVWHOOXQJGHV]HLWOLFKHQ9HUODXIGHU6LJQDOLQWHQVLWlWHQGHU$PLGSURWRQHQGHV+V)G[EHL
GHU,QNXEDWLRQEHL&
7DEHOOH=XRUGQXQJGHU1056LJQDOHPLWGHQ]XJHK|ULJHQ9HUVFKLHEXQJHQGHU$PLQRVlXUHQ
d(1 d+ $PLQRVlXUH
3HDN   (RGHU6
3HDN   <
3HDN   '
3HDN   (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3HDN   (
3HDN   6HLWHQNHWWH
3HDN   7"
3HDN   $RGHU'
3HDN   6HLWHQNHWWH
$XIJUXQG GHV KRPRJHQHQ =HLWYHUODXIV IDVW DOOHU EHREDFKWHWHQ 6LJQDOLQWHQVLWlWHQ NDQQ
DXVJHVFKORVVHQ ZHUGHQ GDVV GLH 'HQDWXULHUXQJ GHV +V)G[ QLFKW PLW GHP 9HUOXVW GHU
+HOL[VWUXNWXUYRQaXQGaEHJLQQWZHQQGLH0HVVXQJHQEHLHLQHU6DO]NRQ]HQWUDWLRQYRQ
P01D&OGXUFKJHIKUWZXUGHQ'HUKRKH$QWHLO DQQHJDWLYHQ/DGXQJHQGLHVHUEHLGHQ
+HOLFHV EHZLUNW VRPLW EHL QLHGULJHQ 6DO]NRQ]HQWUDWLRQHQ NHLQH 'HVWDELOLVLHUXQJ GHU
6HNXQGlUVWUXNWXULQGLHVHP%HUHLFKGLH]XHLQHUIUKHUHQ(QWIDOWXQJIKUW
)U GLH $PLQRVlXUHQ LQ GHU 1lKH GHV (LVHQ6FKZHIHO.RPSOH[HV N|QQHQ NHLQH 6LJQDOH
JHPHVVHQ ZHUGHQ hEHU GHQ =XVDPPHQKDQJ GHU 'HQDWXULHUXQJ GHV +V)G[ XQG GLH
.RPSOH[LHUXQJ GHV(LVHQ6FKZHIHO.RPSOH[HV NRQQWH GDKHUPLW GLHVHP([SHULPHQW NHLQH
$XVVDJHJHPDFKWZHUGHQ
 7HLO%+HUVWHOOXQJYRQ0XWDQWHQGHV+V)G[XQGLKUH&KDUDNWHULVLH
UXQJLP9HUJOHLFK]X+V)G[
'LHKDORSKLOHQ)HUUHGR[LQHXQWHUVFKHLGHQ VLFKYRQ GHQ3IODQ]HQW\SIHUUHGR[LQHQ GXUFK HLQH
,QVHUWLRQ YRQ  $PLQRVlXUHQ QDKH GHP 17HUPLQXV 'LHVH ,QVHUWLRQ ELOGHW HLQH NOHLQH
([WUD'RPlQHDXVGLHDXVGHQ]ZHL+HOLFHVaXQGaEHVWHKW6LH]HLFKQHWVLFKGXUFKHLQHQ
KRKHQ$QWHLODQVDXUHQ5HVWHQDXVGHU$PLQRVlXUHVLQG$VSDUWDWRGHU*OXWDPDW
%HL+V)G[KDQGHOW HV VLFKXPHLQKDORSKLOHV3URWHLQ GDV VLFKQXU LQ*HJHQZDUWYRQ1D&O
.RQ]HQWUDWLRQHQJU|HU0 LQ VHLQHQDWLYH.RQIRUPDWLRQ IDOWHW XQGGHVVHQ6WDELOLWlWPLW
VWHLJHQGHU 6DO]NRQ]HQWUDWLRQ ]XQLPPW 8P GHQ (LQIOX GHU DFLGHQ 'RPlQH DXI GLH
+DORSKLOLH GHV 3URWHLQV ]X XQWHUVXFKHQ ZXUGHQ 0XWDQWHQ KHUJHVWHOOW EHL GHQHQ GLHVHU
%HUHLFK GHV +V)G[ GHOHWLHUW LVW 'LH HUVWHQ 1WHUPLQDOHQ $PLQRVlXUHQ ELV HWZD 5HVW 
ELOGHQLQGHQKDORSKLOHQ3URWHLQHQXQGGHQ3IODQ]HQW\SIHUUHGR[LQHQGDV)DOWEODWWbZHOFKHV
DQGHU$XVELOGXQJGHVK\GURSKREHQ.HUQVEHWHLOLJWLVWV$EELOGXQJ$XVGLHVHP*UXQG
ZXUGHGLH([WUD'RPlQHEHVWHKHQGDXVGHQEHLGHQ+HOLFHVa XQGa QDKH
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

GHV 17HUPLQXV GXUFK 2OLJRQXNOHRWLGJHULFKWHWH 0XWDJHQHVH GHOHWLHUW XQG GXUFK GHQ
HQWVSUHFKHQGHQ/RRSDXV$QDEDHQD)HUUHGR[LQ1DPHGHU0XWDQWH)G[DQDE]ZGHQ7XUQ
DXV(TXLVHWXPDUYHQVH)HUUHGR[LQ1DPHGHU0XWDQWH)G[HTXLHUVHW]W
$EELOGXQJ  hEHUODJHUXQJ GHU 6WUXNWXUHQ YRQ +V)G[ JUQ $QDEDHQD )HUUHGR[LQ  URW XQG
(XTXLVHWXP DUYHQVH )HUUHGR[LQ EODX >3'%'DWHQEDQNHLQWUDJ (2= 0DUJ HW DO  3'%
'DWHQEDNHLQWUDJ);$5\SQLHZVNLHWDO'DWHQEDQNHLQWUDJ)55,NHPL]XHWDOUHVSHNWLYH@
'LH3IHLOH]HLJHQDXIGLH%HUHLFKHZHOFKHLQGHU$EELOGXQJYHUJU|HUWGDUJHVWHOOWVLQG
(LQH$QDO\VHGHUhEHUODJHUXQJGHUGUHL3IODQ]HQW\SIHUUHGR[LQH+V)G[$QDEDHQD)HUUHGR[LQ
XQG (TXLVHWXP DUYHQVH )HUUHGR[LQ ]HLJWH GDVV GLH $PLQRVlXUHQ / YRQ +V)G[ , YRQ
$QDEDHQD)HUUHGR[LQXQG.GHV(DUYHQVH)HUUHGR[LQVDOV MHZHLOV OHW]WH$PLQRVlXUHGHV
b6WUDQJV GLHVHOEH 3RVLWLRQ HLQQHKPHQ $EELOGXQJ $P(QGH GHU VDXUHQ'RPlQH GHV
+V)G[EHILQGHWVLFKHLQ<ZlKUHQGDQGLHVHU3RVLWLRQ LP$QDEDHQD)HUUHGR[LQHLQ.
XQGLP(DUYHQVH)HUUHGR[LQHLQ(VWHKHQ$EELOGXQJ
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ  $XVVFKQLWWVYHUJU|HUXQJ DXV $EELOGXQJ ,Q GHP OLQNHQ 7HLO GHU $EELOGXQJ VLQG GLH
6HLWHQNHWWHQ GHU $PLQRVlXUHQ / , XQG . GHU YHUVFKLHGHQHQ )HUUHGR[LQH GDUJHVWHOOW LQ GHU UHFKWHQ
$EELOGXQJ < . XQG ( +V)G[ LVW LQ URW GDUJHVWHOOW GDV )HUUHGR[LQ DXV $UYHQVH LQ JUQ XQG GHV
)HUUHGR[LQDXV(DUYHQVHLQEODX
)U GDV 'HVLJQ GHU 0XWDQWH )G[DQD ZXUGH DQVWHOOH GHU 5HVWH  GHV +V)G[ GHU /RRS
LQVHUWLHUWZHOFKHULP$QDEDHQD)HUUHGR[LQYRQGHQ5HVWHQJHELOGHWZLUG1($(*7,Q
GHU0XWDQWH )G[HTXL  VLQG HEHQIDOOV GLH5HVWH  GHOHWLHUW XQG GXUFK GHQ7XUQ  DXV
(DUYHQVH 736* HUVHW]W 0LW +LOIH GLHVHU 0XWDQWHQ VROOWH GHU (LQIOX GHU 'HOHWLRQ GHU
([WUD'RPlQH DXI GLH 6WDELOLWlW GHV 3URWHLQV LQ $EKlQJLJNHLW YRQ GHU 6DO]NRQ]HQWUDWLRQ
XQWHUVXFKWZHUGHQ
3.3.1 Klonierung der Mutanten
=XHUVW ZXUGHQ GLH MHZHLOLJHQ ([SUHVVLRQVSODVPLGH IU HLQH UHNRPELQDQWH ([SUHVVLRQ GHV
+V)G[ HUVWHOOW 'DV IU +V)G[ NRGLHUHQGH *HQIUDJPHQW ZXUGH DXV GHP &RVPLG 5,
DPSOLIL]LHUW $XVJHKHQG GDYRQ NRQQWHQ GXUFK 2OLJRQXNOHRWLGJHULFKWHWH 0XWDJHQHVH
*HQIUDJPHQWHPLWGHQHUZQVFKWHQ'HOHWLRQHQKHUJHVWHOOWZHUGHQ
+V)G[ />@<

$QDEDHQD)G[ 1($(*7
Ã )G[DQD
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

+V)G[ />@<
 
(TXLVHWXPDUYHQVH)G[ 736*
Ã )G[HTXL
7DEHOOH7DEHOODULVFKH$XIOLVWXQJGHUHU]HXJWHQ([SUHVVLRQVYHNWRUHQ
([SUHVVLRQVSODVPLG 9HNWRU 2UJDQLVPXV %HPHUNXQJ
S%3+0)G[:W
)G[DQD
)G[HTXL
S%3+0 +VDOLQDUXP &WHUPLQDOH+LV)XVLRQPLW
7KURPELQVFKQLWWVWHOOH
S+XV)G[:W
)G[DQD
)G[HTXL
S+XV
%UIXV
+VDOLQDUXP 1WHUPLQDOH)XVLRQPLW%DFWHULRUKRGRSVLQ
%5PLW)DNWRU;D6FKQLWWVWHOOH
S(WE)G[:W
)G[DQD
)G[HTXL
S(7E (FROL
S*(;)G[:W
)G[DQD
)G[HTXL
S*(;
7
(FROL &WHUPLQDOH)XVLRQPLW*OXWDWKLRQ6
WUDQVIHUDVH*67PLW
7KURPELQVFKQLWWVWHOOH
3.3.1.1 Klonierung von pBPH-M-FdxWT, pBPH-M-Fdxana und pBPH-M-Fdxequi
+V)G[IXQJLHUWDOV(OHNWURQHQDN]HSWRUEHLGHU2[LGDWLRQYRQ3\UXYDW]X$FHW\O&R$XQGLVW
VRPLWDQHLQHUHVVHQWLHOOHQ6WRIIZHFKVHOUHDNWLRQEHWHLOLJW'HVKDOELVWVHLQH'HOHWLRQOHWDOIU
+VDOLQDUXP9DQGHU3ODVHWDO(LQHKRPRORJH([SUHVVLRQGHU)HUUHGR[LQPXWDQWHQ
LVW DOVR QXU LQ *HJHQZDUW GHV :LOGW\SIHUUHGR[LQV P|JOLFK 'HVKDOE ZXUGHQ GLH
UHNRPELQDQWHQ 3URWHLQH PLW HLQHP $IILQLWlWVDQKDQJ YHUVHKHQ VHFKV +LVWLGLQHQ GLH HLQH
$EWUHQQXQJ GHV UHNRPELQDQWHQ +V)G[ YRP +V)G[ RKQH +LVWLGLQDQKDQJ EHU HLQH
1LFNHOVlXOHHUP|JOLFKHQ
'LH$EWUHQQXQJGHV+LV$QKDQJVHUIROJWEHUHLQH7KURPELQVFKQLWWVWHOOH
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3.3.1.2  Klonierung von pHus-FdxWT, pHus-Fdxana und pHus-Fdxequi
'HU 9HNWRU S+XV%U)XV HQWKlOW GLH %DFWHULRUKRGRSVLQVHTXHQ] XQWHU GHU .RQWUROOH GHV
%DFWHULRUKRGRSVLQSURPRWRUV(LQH0XOWLSOH&ORQLQJ6LWHDP(QGHYRQ%5HUP|JOLFKWGLH
+HUVWHOOXQJ YRQ )XVLRQVSURWHLQHQ GLH EHU LKUHQ 17HUPLQXV DQ %5 JHEXQGHQ VLQG 'LH
7UHQQXQJGHVUHNRPELQDQWKHUJHVWHOOWHQ3URWHLQVYRP%5ZLUGEHU6FKQHLGHQPLW)DNWRU;D
HUUHLFKW
'DV %DNWHULRUKRGRSVLQ ZLUG YRQ +DOREDNWHULHQ LQ JURHQ 0HQJHQ SURGX]LHUW XQG LQ GLH
0HPEUDQHLQJHEDXW'LH,VROLHUXQJGHV)XVLRQVSURWHLQVVROOWHVRPLWVFKQHOOXQGHIIL]LHQWEHU
GLH%5VSH]LILVFKH$XIUHLQLJXQJHUIROJHQN|QQHQ
3.3.1.3 Klonierung von pEt36b-FdxWt, pEt36b-Fdxana und pEt36b-Fdxequi und
Klonierung von pGEX-FdxWt, pGEX-Fdxana und pGEX-Fdxequi
'DGLH0XWDQWHQ)G[DQDXQG)G[HTXLHKHUGHQ3IODQ]HQW\SDOVGHQKDORSKLOHQ)HUUHGR[LQHQ
JOHLFKHQ VROOWH QHEHQ GHQ +DOREDNWHULHQ ( FROL DOV PHVRSKLOHU :LUW HLQJHVHW]W ZHUGHQ
6RZRKOGHU9HNWRUS(7E 1RYDJHQDOVDXFKGHU9HNWRUS*(;,QYLWURJHQ VLQG IUGLH
([SUHVVLRQYRQ3URWHLQHQLQ(FROLNRQ]LSLHUW
'LH )XVLRQ YRQ 3URWHLQHQPLW*OXWDWKLRQ67UDQVIHUDVH *67 GLH DXI GHP S*(;9HNWRU
NRGLHUW LVW ZLUG IU GLH $XIUHLQLJXQJ EHU HLQH $IILQLWlWVVlXOH *OXWDWKLRQ6HSKDURVH
JHQXW]W
3.3.2 Expression von rekombinant erzeugtem HsFdx und den Mutanten Fdxana und
Fdxequi
)U GLH KRPRORJH ([SUHVVLRQ ZXUGH GHU 6WDPP 6QRE YRQ+ VDOLQDUXP JHZlKOW GHVVHQ
%DFWHULRUKRGRSVLQXQG+DORUKRGRSVLQ*HQHGHOHWLHUWVLQG
)UGLHKHWHURORJH([SUHVVLRQLQ(FROLZXUGHGHU6WDPP%/'(5,/YHUZHQGHWGDHU
]XVlW]OLFKH3ODVPLGHHQWKlOWDXIGHQHQW51$VIUVHOWHQH.RGRQVNRGLHUWVLQG
3.3.2.1 Homologe Expression in H. salinarum, (His)6-Fdx
'LHKRPRORJH5HNRPELQDWLRQGHU([SUHVVLRQVYHNWRUHQLQGDV*HQRPZXUGHGXUFK3&5YRQ
GHU JHQRPLVFKHQ '1$ XQG GXUFK 6HTXHQ]LHUXQJ EHUSUIW (V ZXUGH HLQH ([SUHVVLRQV
DQDO\VH PLW WlJOLFKHU 3UREHQQDKPH GXUFKJHIKUW +LV:W)G[ ZXUGH DXI HLQHP:HVWHUQ
%ORW PLW $QWL+LV$QWLN|USHU DOV VFKZDFKH %DQGH DXI GHU +|KH YRQ  N'D GHWHNWLHUW
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

+DORSKLOH3URWHLQHDQGLHVHFKV+LVWLGLQHJHNRSSHOWVLQGEHVLW]HQHLQJHULQJHUHVDSSDUHQWHV
0ROHNXODUJHZLFKWLP6'6*HODOVLKUHQDWLYH)RUP
$EELOGXQJ([SUHVVLRQVQDFKZHLVGHV+LV:W)G[GXUFK:HVWHUQ%ORWPLWHLQHP$QWL+LV$QWLN|USHU
0DUNHUQDFK7DJQDFK7DJHQQDFK7DJHQ:DFKVWXPGHU=HOOHQ
>N'D@
'DV([SUHVVLRQVSURGXNWIU+LV:W)G[ZXUGHQXUQDFK]ZHL7DJHQ:DFKVWXPGHU=HOOHQ
LP:HVWHUQEORWGHWHNWLHUW'LHVLVW LQhEHUHLQVWLPPXQJPLWGHU%HREDFKWXQJGDVVDXFKEHL
DQGHUHQKDORSKLOHQ3URWHLQHQGLHKRPRORJLQ+VDOLQDUXPH[SULPLHUWZXUGHQGLH+LVWLGLQ
UHVWHQDFK%HJLQQGHU([SUHVVLRQÄLQYLYR³DEJHVFKQLWWHQZHUGHQ
'LH$QDO\VHGHU([SUHVVLRQYRQGHQ0XWDQWHQ+LV)G[DQDXQG+LV)G[HTXLPLWHLQHP
:HVWHUQEORWHUJDEGDVVGLHEHLGHQ3URWHLQHLQ+VDOLQDUXPQLFKWH[SULPLHUWZXUGHQ
3.3.2.2 Homologe Expression des rekombinanten FdxWt, Fdxana und Fdxequi in H.
salinarum, BR-Fusionsprotein
'LH([SUHVVLRQYRQ%5)G[:W%5)G[DQDXQG%5)G[HTXLLP+VDOLQDUXP6WDPP6QRE
LVWDQKDQGGHUFKDUDNWHULVWLVFKHQYLROHWWHQ)lUEXQJGHU.RORQLHQ]XHUNHQQHQZHQQGDV%5
)XVLRQVSURWHLQH[SULPLHUWZLUG'LHVZDUQXULP)DOOGHV:W)G[.RQVWUXNWHVGHU)DOO
3.3.2.3 Heterologe Expression von WtFdx, Fdxana und Fdxequi in E. coli
1XUIU)G[DQDNRQQWHHLQHhEHUH[SUHVVLRQEHREDFKWHWZHUGHQ'LH([SUHVVLRQEHL&ZDU
 K QDFK ,QGXNWLRQ PLW  P0 ,37* PD[LPDO 1DFK %HJLQQ GHU ([SUHVVLRQ ZXUGH HLQH
GHXWOLFKH9HUULQJHUXQJ GHV =HOOZDFKVWXPV EHPHUNW 'LH %DQGH GHV )G[DQD OlXIW LQ HLQHP
6'6*HODXIHLQHU+|KHYRQHWZDN'D


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(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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
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$EELOGXQJ6'63$*(YRQ%/'(5,/)G[DQDYRUXQGQDFKGHU([SUHVVLRQ0:9RU
GHU,QGXNWLRQKQDFKGHU,QGXNWLRQYRQ%/'(5,/PLWS(7E)G[DQD
 >N'D@  
6RPLW NRQQWH LQ GHP PHVRSKLOHQ 2UJDQLVPXV ( FROL HLQH hEHUH[SUHVVLRQ GHU
'HOHWLRQVPXWDQWH)G[DQDHUUHLFKWZHUGHQ
3.3.2.4  Heterologe Expression von GST-WtFdx, GST-Fdxana und GST-Fdxequi in
E. coli
(VZXUGHHLQHhEHUH[SUHVVLRQIUDOOHGUHL*67)XVLRQVSURWHLQHEHL&EHREDFKWHW'LH
%DQGHGHV*67)G[:WLVWLP6'6*HODXIHLQHU+|KHYRQHWZDN'D]XVHKHQGLH%DQGHQ
GHV*67)G[DQDE]Z*67)G[HTXLVLQGEHLFDN'D]XILQGHQ'LH*OXWDWKLRQ67UDQV
IHUDVHEHVLW]WHLQ0ROHNXODUJHZLFKWYRQN'D6RPLWOLHJWGDVDSSDUHQWH0ROHNXODUJHZLFKW
GHU)XVLRQVSURWHLQHZHOFKHV IU*67)G[:WHWZDN'DXQG IU*67)G[DQD XQG*67
)G[HTXLHWZDN'DEHWUDJHQVROOWHEHLHLQHPHWZDVK|KHUHQ:HUW
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ([SUHVVLRQVFKHFNIUGLH*67)XVLRQVSURWHLQH*67)G[:WYRUGHU,QGXNWLRQKQDFK
GHU ,QGXNWLRQ*67)G[DQDYRUGHU ,QGXNWLRQ  K QDFK GHU ,QGXNWLRQ 0: *67)G[HTXL YRU GHU
,QGXNWLRQKQDFKGHU,QGXNWLRQ
>N'D@
'DGLH,QGXNWLRQGHU([SUHVVLRQYRQ*67)G[:WHLQHGHXWOLFKH9HUULQJHUXQJGHV=HOOZDFKV
WXPVPLWVLFKEUDFKWHZXUGHQGLH=HOOHQLQGLHVHP)DOOQLFKWZLHEHL*67)G[DQDXQG*67
)G[HTXLQDFKGUHLVRQGHUQHUVWQDFKYLHU6WXQGHQ:DFKVWXPJHHUQWHW
3.3.3 Rekonstitution und Aufreinigung der rekombinant erzeugten Proteine
3.3.3.1 Homologe Expression
'LHKRPRORJH([SUHVVLRQHLQHU0XWDQWHGHV+V)G[ZDULQ+VDOLQDUXPQLFKWP|JOLFK'LH
,VROLHUXQJ GHV UHNRPELQDQWHQ:W)G[ZDU QLFKW HUIRUGHUOLFK GD DXFK RKQH hEHUH[SUHVVLRQ
DXVUHLFKHQGH0HQJHQDXV+VDOLQDUXPDXIJHUHLQLJWZHUGHQNRQQWHQ
)UGDV%5)XVLRQVSURWHLQVZXUGHGHVKDOEQXUJHSUIWREHVGXUFK%5VSH]LILVFKH,VROLHUXQJ
EHU HLQHQ =XFNHUJUDGLHQWHQ DXIJHUHLQLJW ZHUGHQ NRQQWH $QKDQG GHV 6'6*HOV ZXUGH
DEJHVFKlW]W GDVV GDV )XVLRQVSURWHLQ PLW +LOIH GLHVHU $XIUHLQLJXQJ ]X  UHLQ HUKDOWHQ
ZXUGH(VNRQQWHDQVFKOLHHQGHUIROJUHLFKPLW)DNWRU;DJHVSDOWHQZHUGHQ





(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ   6'6 *HO GHU )DNWRU;D6SDOWXQJ GHV %5)G[:W )XVLRQVSURWHLQV  0:  %5
)G[:W3UREHQDFK)DNWRU;D6SDOWXQJ.RQ]HQWUDWLRQ%5)G[:W3UREHQDFK)DNWRU;D6SDOWXQJ
.RQ]HQWUDWLRQ   %5)G[:W 3UREH  QDFK )DNWRU;D6SDOWXQJ .RQ]HQWUDWLRQ   %5)G[:W
3UREH QDFK )DNWRU;D6SDOWXQJ .RQ]HQWUDWLRQ   %5 5HIHUHQ]  3UREH   3UREH   +V)G[
5HIHUHQ]0:
>N'D@
'LH )XVLRQ YRQ KDORSKLOHQ 3URWHLQHQ PLW %5 VWHOOW VRPLW HLQH HLQIDFKH XQG HIIHNWLYH
0|JOLFKNHLW IU LKUH KRPRORJH hEHUH[SHVVLRQ LQ +VDOLQDUXP XQG LKUH VWDQGDUGLVLHUWH
$XIUHLQLJXQJQDFKGHP3URWRNROOIU%5GDU
3.3.3.2 Heterologe Expression von Fdxana
)G[DQDZXUGHEHL&YRQ(FROL=HOOHQ6WDPP%/'(5,/GLHGDV3ODVPLGS(7E
)G[DQDHQWKLHOWHQH[SULPLHUW%HLHLQHU2'YRQZXUGHPLWP0,37*LQGX]LHUWXQG
QDFKK([SUHVVLRQZXUGHQPD[LPDOH$XVEHXWHQYRQ)G[DQDLPhEHUVWDQGHUKDOWHQ
$EELOGXQJ6'6*HOYRQGHU$XIUHLQLJXQJGHV)G[DQD0:*HVDPW]HOOH[WUDNW3HOOHWQDFK
=HQWULIXJDWLRQhEHUVWDQGGHV=HOOH[WUDNWHVQDFK5HNRQVWLWXWLRQXQG$XIUHLQLJXQJEHUHLQH'($(6lXOH
>N'D@
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

.RQ]HQWULHUHQGHV=HOOEHUVWDQGHVDXI'($(&HOOXORVHXQGDQVFKOLHHQGH(OXWLRQ OLHIHUWHQ
NHLQ(OXDWPLW GHU IU )HUUHGR[LQH FKDUDNWHULVWLVFKHQ$EVRUSWLRQ LP VLFKWEDUHQ%HUHLFK ,Q
HLQHP 6'6 IUHLHQ $FU\ODPLGJHO GHV &\WRVROV NRQQWH NHLQH URWH %DQGH DQ GHU /DXIIURQW
LGHQWLIL]LHUW ZHUGHQ )G[DQD ZXUGH DOVR DOV $SRSURWHLQ H[SULPLHUW 'LHVHV 9HUKDOWHQ LVW
HEHQIDOOV IU DQGHUH UHNRPELQDQW LQ ( FROL SURGX]LHUWH )HUUHGR[LQH EHREDFKWHW ZRUGHQ
&KHQJ HW DO  ;LD HW DO  =XJDEH YRQ )H62 ]XP 0HGLXP XQG HLQH
(UQLHGULJXQJ GHU ([SUHVVLRQVWHPSHUDWXU DXI  & EHZLUNWHQ HEHQIDOOV NHLQHQ ÄLQYLYR³
(LQEDXGHV(LVHQ6FKZHIHO&OXVWHUVLQ)G[DQD
'DKHUZDU HLQH ÄLQYLWUR³5HNRQVWLWXWLRQGHV)G[DQDQRWZHQGLJ'HU O|VOLFKH&\WRVRODQWHLO
ZXUGH QDFK GHP 5HNRQVWLWXWLRQVSURWRNROO IU +V)G[ UHNRQVWLWXLHUW 1DFK =XJDEH YRQ
(LVHQVXOIDW XQG 'LQDWULXPVXOILG IlUEWH VLFK GLH /|VXQJ LQQHUKDOE HLQLJHU 0LQXWHQ
EUDXQVFKZDU] 'LH DQVFKOLHHQGH 'LDO\VH GLHVHU /|VXQJHQ DQDORJ ]XP 5HNRQVWLWXWLRQV
SURWRNROO YRQ+V)G[ UHVXOWLHUWH LQ IDUEORVHQ'LDO\VDWHQ ,Q HLQHPZHLWHUHQ9HUVXFKZXUGH
GHVKDOE GLH /|VXQJ QDFK GHU 5HNRQVWLWLWLRQ GXUFK 9HUGQQHQ DQVWHOOH GHU 'LDO\VH LQ
7ULVSXIIHU UHSURGX]LHUEDU XPJHSXIIHUW 'DEHL ZXUGH GHU (LQIOX GHU 1D&O .RQ]HQWUDWLRQ
GXUFK9HUGQQHQPLW3XIIHUQXQWHUVFKLHGOLFKHU1D&O.RQ]HQWUDWLRQXQWHUVXFKW=ZDUODJGDV
$XVPDGHV&OXVWHUHLQEDXVLQ*HJHQZDUWYRQ01D&OQXUEHLHWZDLP9HUJOHLFK]XU
5HNRQVWLWXWLRQGHV)G[DQDXQWHU1LHGULJVDO]EHGLQJXQJHQGRFKGLH$EVRUSWLRQVPD[LPDGHV
LQ*HJHQZDUWYRQP0P0RGHU01D&O UHNRQVWLWXLHUWHQ)G[DQDZDUHQ LGHQWLVFK
6RPLWNRQQWH JH]HLJWZHUGHQ GDVV GLH'HOHWLRQ GHU DFLGHQ([WUD'RPlQH GHV+V)G[GD]X
IKUW GDVV GHU (LQEDX GHV (LVHQ6FKZHIHO&OXVWHUV XQWHU 1LHGULJVDO]EHGLQJXQJHQ P|JOLFK
LVWZlKUHQGGLH5HNRQVWLWXWLRQGHV+V)G[QXUXQWHU+RFKVDO]EHGLQJXQJHQHUIROJUHLFKZDU
'DVUHNRQVWLWXLHUWH)G[DQDZXUGH LP%DWFK9HUIDKUHQDXI'($(&HOOXORVHDXINRQ]HQWULHUW
1DFKGHPPLW1LHGULJVDO]SXIIHUJHZDVFKHQZXUGHZXUGHEHLGHU(OXWLRQPLW01D&OHLQH
EUDXQURWH )UDNWLRQ HUKDOWHQ .RQWUROOH[SUHVVLRQHQ XQG DQVFKOLHHQGH 5HNRQVWLWXWLRQ PLW
=HOO\VDW YRQ ( FROL =HOOHQ GLH GHQ 9HNWRU RKQH ,QVHUW RGHU  GHQ 9HNWRU PLW :W)G[
HQWKLHOWHQ ]HLJWHQ GLHVH FKDUDNWHULVWLVFKH )lUEXQJ QLFKW 'LH URWEUDXQH )lUEXQJ LVW DOVR
HLQGHXWLJDXIUHNRQVWLWXLHUWHV)G[DQD]XUFN]XIKUHQ
'LH899,6VSHNWURVNRSLVFKH8QWHUVXFKXQJGHU)UDNWLRQHQ GLH)G[DQD HQWKLHOWHQ ]HLJWHQ
FKDUDNWHULVWLVFKH$EVRUSWLRQVPD[LPDLPVLFKWEDUHQ%HUHLFKEHLQPXQGEHLQP'LH
$EVRUSWLRQVPD[LPD LP 89 NRQQWHQ QDFK GLHVHU 5HLQLJXQJVVWXIH QRFK QLFKW EHVWLPPW
ZHUGHQ
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ$EVRUSWLRQVVSHNWUHQYRQ)G[DQDQDFK5HNRQVWLWXWLRQDXVGHP&\WRVRO(LQIOXGHU1D&O
.RQ]HQWUDWLRQDXIGLH5HNRQVWLWXWLRQGHV)G[DQD$EVRUSWLRQVVSHNWUHQGHU'($((OXDWH
(UVWH9HUVXFKHGDV)G[DQDDQDORJ]X+V)G[GXUFK$PPRQLXPVXOIDWIlOOXQJ DXI]XUHLQLJHQ
]HLJWHQ GDVV GDV 3URWHLQ VFKRQ EHL HLQHU .RQ]HQWUDWLRQ YRQ ZY 1+62 DXVIlOOW
+V)G[KLQJHJHQ LVW ELV ]X HLQHU$PPRQLXPVXOIDWNRQ]HQWUDWLRQ YRQ HWZD ZY O|VOLFK
ZLH HV IU 3ODQ]HQW\S)HUUHGR[LQH W\SLVFK LVW (V ZXUGH IU )G[DQD HLQH DQGHUH $XIUHLQL
JXQJVVWUDWHJLH HWDEOLHUW GLH VLFK DQ GLH ,VROLHUXQJ GHV UHNRPELQDQW LQ(FROL H[SULPLHUWHQ
$QDEDHQD)HUUHGR[LQVDQOHKQW-DFREVRQHWDO
'DV '($((OXDW ZXUGH EHU HLQH 46HSKDURVH6lXOH GLH PLW HLQHP OLQHDUHQ 1D&O
*UDGLHQWHQHQWZLFNHOWZXUGHZHLWHUDXIJHUHLQLJW%HLHLQHU1D&O.RQ]HQWUDWLRQYRQ0
ZXUGHQ)UDNWLRQHQHUKDOWHQGLHLQHLQHPLJHQ6'6*HOHLQHGRPLQLHUHQGH%DQGHDXIGHU
+|KH YRQ N'D GHV )G[DQD ]HLJWHQ %HL GHU PDVVHQVSHNWURPHWULVFKHQ 8QWHUVXFKXQJ
0$/',72) GHU HQWVSUHFKHQGHQ %DQGH GHV 6'6 *HOV QDFK 7U\SVLQ9HUGDX ZXUGHQ
)UDJPHQWHGHV+V)G[JHIXQGHQ1XUIUGHQ1WHUPLQDOHQ7HLOGHV+V)G[GHUEHLP)G[DQD
GHOHWLHUWLVWZXUGHQNHLQH6SDOWXQJVSURGXNWHLGHQWLIL]LHUW
$OV ZHLWHUHU $XIUHLQLJXQJVFKULWW ZXUGH HLQH K\GURSKREH +\GUR[\DSDWLW6lXOH PLW HLQHP
3KRVSKDW6WXIHQJUDGLHQWHQ DQJHVFKORVVHQ 'LH )G[DQD)UDNWLRQHQ ZLHVHQ QDFK GLHVHU $XI
UHLQLJXQJQXUQRFKZHQLJH%DQGHQ DQGHUHU3URWHLQH LP6'6*HO DXI$OOHUGLQJV QDKPGHU
$EVRUSWLRQVNRHIIL]LHQW$QP$QPPLWGLHVHP6FKULWWVWDUNDE(LQOHW]WHU5HLQLJXQJVFKULWW
EHUHLQH6XSHURVH*HOILOWUDWLRQVVlXOHOLHIHUWH)G[DQDPLWHLQHU5HLQKHLWJU|HUQDFK
$EVFKlW]XQJ GHU 6'6%DQGHQ V $EELOXQJ  0LW GLHVHU $XIUHLQLJXQJ GHV )G[DQD DXV
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







5HNRQVWLWXWLRQYRQ)G[DQDPLW
P01D&O
P01D&O
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(FROL NRQQWH HWZD PJ 3URWHLQ SUR /LWHU .XOWXU JHZRQQHQ ZHUGHQ GHVVHQ
$EVRUSWLRQVYHUKlOWQLV$QP$QPPD[LPDOHUUHLFKWH
)G[DQD EHVLW]W HLQ7U\SWRSKDQZHQLJHU DOV+V)G['LH$EVRUSWLRQ YRQ 3URWHLQHQ EHL HWZD
QPZLUGYRQGHQDURPDWLVFKHQ5HVWHQ7U\SWRSKDQ7\URVLQXQG3KHQ\ODODQLQYHUXUVDFKW
/RWWVSHLFK 	 =RUEDV  ZREHL 7U\SWRSKDQ GHQ JU|WHQ $EVRUSWLRQVNRHIIL]LHQWHQ
EHVLW]W9HUJOHLFKWPDQGHQ$QWHLOGHUDURPDWLVFKHQ$PLQRVlXUHQLQ+V)G[XQG)G[DQDXQG
EH]LHKWGDEHLGLHXQWHUVFKLHGOLFKHQ$EVRUSWLRQVNRHIIL]LHQWHQGHUGUHLDURPDWLVFKHQ5HVWHPLW
HLQVRHUKlOWPDQIU)G[DQDDOV+RORSURWHLQHLQ$EVRUSWLRQVYHUKlOWQLV]ZLVFKHQXQG
'DV$EVRUSWLRQVYHUKlOWQLVYRQ$QDEDHQD)HUUHGR[LQRGHU(TXLVHWXPDUYHQVH)HUUHGR[LQGLH
NHLQH7U\SWRSKDQUHVWH HQWKDOWHQ OLHJW EHL  %|KPH	6FKUDXWHPHLHU +DVH HW DO
D
$EELOGXQJ$XIUHLQLJXQJYRQ)G[DQD&KURPDWRJUDPPXQG6'63$*(/LQNV&KURPDWRJUDPPGHU
$XIUHLQLJXQJ YRQ )G[DQD EHU HLQH 6XSHURVH*HOILOWUDWLRQVVlXOH 'DV +V)G[ HOXLHUW EHL HLQHP
(OXWLRQVYROXPHQ YRQ PO 5HFKWV  6'63$*(  0ROHNXODUJHZLFKWVPDUNHU  )G[DQD )UDNWLRQ 
(OXWLRQVYROXPHQ

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'LH$QDO\VHGHU&'6SHNWUHQGHV)G[DQDHUJDEGDVVGDV3URWHLQNHLQHGHILQLHUWH6HNXQGlU
VWUXNWXU EHVLW]W +V)G[ ]HLJW EHL HLQHP $EVRUSWLRQVYHUKlOWQLV $QP$QP YRQ  LP
9HUJOHLFK]XIUGDVUHLQH+ROR3URWHLQHEHQIDOOVHLQHQGHXWOLFKYHUULQJHUWHQ$QWHLODQ
b)DOWEODWW6WUXNWXU XQGa+HOLFHV %HL HLQHP$EVRUSWLRQVYHUKlOWQLV YRQ  LVWP|JOLFKHU
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ZHLVHGHU$QWHLOGHV+ROR)G[DQD]XJHULQJXPLQGHQ&'6SHNWUHQGHQ6HNXQGlUVWUXNWXU
DQWHLO]XEHVWLPPHQ
'LH $EVRUSWLRQVPD[LPD GHV )G[DQD VLQG PLW QP XQG QP FKDUDNWHULVWLVFK IU HLQ
3IODQ]HQW\SIHUUHGR[LQ LQ*HJHQZDUW HLQHV GHQDWXULHUHQGHQ$JHQVZLH ] % 0+DUQVWRII
3HWHULQJ	3DOPHU1DWLYH)H6)HUUHGR[LQHEHVLW]HQW\SLVFKH$EVRUSWLRQVPD[LPD
EHLQPXQGQP$OVRKDQGHOWHVVLFKEHL)G[DQDXPHLQWHLOZHLVHGHQDWXULHUWHV)H
6)HUUHGR[LQ
'LHVHOEH9HUVFKLHEXQJ ]X QLHGULJHUHQ:HOOHQOlQJHQ GHU $EVRUSWLRQVPD[LPD ]HLJWH +V)G[
XQWHU GHQDWXULHUHQGHQ %HGLQJXQJHQ LQ  0 +DUQVWRII DOOHUGLQJV QXU XQWHU 1LHGULJVDO]
EHGLQJXQJHQ ,Q 0 1D&O NRQQWH VHOEVW PLW 0 +DUQVWRII NHLQH bQGHUXQJ GHV
$EVRUSWLRQVYHUKDOWHQV YRQ +V)G[ EHREDFKWHW ZHUGHQ 'LHVHV (UJHEQLV LVW HLQ ZHLWHUHU
+LQZHLVGDIUGDVV+V)G[XQWHU+RFKVDO]EHGLQJXQJHQDXVJHVSURFKHQVWDELOLVW
$EELOGXQJ$EVRUSWLRQVVSHNWUHQYRQ+V)G[LQ$EKlQJLJNHLWYRQGHU1D&O.RQ]HQWUDWLRQXQGYRQGHU
+DUQVWRIINRQ]HQWUDWLRQ
'LH $EVRUSWLRQVPD[LPD GHV +V)G[ XQWHU GHQDWXULHUHQGHQ %HGLQJXQJHQ YRU 9HUOXVW GHV
(LVHQ6FKZHIHO&OXVWHUVVLQGYHUJOHLFKEDU]XGHQHQGHV)G[DQDVLHKH$EE
(LQH 5HNRQVWLWXWLRQ GHV DXIJHUHLQLJWHQ )G[DQDZDU QLFKW HUIROJUHLFK 8P IHVW]XVWHOOHQ RE
ZlKUHQG GHU$XIUHLQLJXQJ HLQ IU GHQ&OXVWHUHLQEDX HVVHQWLHOOHU.RIDNWRU DEJHWUHQQWZLUG
ZXUGH GLH 5HNRQVWLWXWLRQ GHV DXIJHUHLQLJWHQ )G[DQD ]XVDPPHQ PLW ( FROL /\VDW GXUFK
JHIKUW
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$OV1HJDWLYNRQWUROOHZXUGHGLH5HNRQVWLWXWLRQDOOHLQPLWGHP(FROL/\VDWGXUFKJHIKUWXQG
DOV 3RVLWLYNRQWUROOH GLHQWH GLH 5HNRQVWLWXWLRQ GHV =HOO\VDWV GHU )G[DQD H[SULPLHUHQGHQ
=HOOHQ'LH=XJDEHYRQ(FROL&\WRVRO]XPDXIJHUHLQLJWHQ)G[DQDEHZLUNWHQLFKWGHQ(LQEDX
GHV(LVHQ6FKZHIHO.RPSOH[HVLQGDVGHQDWXULHUWH3URWHLQ(LQHP|JOLFKH(UNOlUXQJIUGLHVH
%HREDFKWXQJ LVW GDVV GLH 'HQDWXULHUXQJ GHV UHNRQVWLWXLHUWHQ )G[DQD LP 9HUODXI GHU
$XIUHLQLJXQJ]XHLQHU.RQIRUPDWLRQGHV3URWHLQVIKUWGLHDXFKGXUFK=XJDEHYRQ+DUQVWRII
QLFKWPHKULQHLQHQ=XVWDQGJHEUDFKWZHUGHQNDQQLQZHOFKHPHLQH5HNRQVWLWXWLRQP|JOLFK
LVW
$EELOGXQJ5HNRQVWLWXWLRQVYHUVXFKHPLW)G[DQDDXIXQWHUVFKLHGOLFKHQ5HLQLJXQJVVWXIHQ
$XIJHUHLQLJWHV)G[DQDPLW=HOO\VDWYRQS(7E%/'(5,/=HOO\VDWYRQS(7E%/'(5,/
=HOO\VDWYRQS(7E)G[DQD%/'(5,/
'LH([SUHVVLRQGHV)G[DQDOLHIHUWHVRPLWHLQ$SRIHUUHGR[LQGHVVHQ(LVHQ6FKZHIHO&OXVWHU
XQWHU1LHGULJVDO]EHGLQJXQJHQ LP&\WRVRO UHNRQVWLWXLHUWZHUGHQNRQQWH$OOHUGLQJVEHZLUNWH
GHU (LQEDX GHV DNWLYHQ =HQWUXPV QLFKW GLH NRUUHNWH )DOWXQJ GHV 3URWHLQV VR ZLH HV EHLP
+V)G[XQGDQGHUHQ3IODQ]HQW\SIHUUHGR[LQHQGHU)DOOLVW
(VEHVWHKWGLH0|JOLFKNHLWGDVVGLH'HOHWLRQGHU([WUD'RPlQH]XHLQHU'HVWDELOLVLHUXQJGHV
b)DOWEODWWV IKUWH 2EZRKO HLQH $XVELOGXQJ GHU NRUUHNWHQ )DOWXQJ QLFKW P|JOLFK ZDU XQG
VLFK GLH ([WUD'RPlQH XQG GHU (LVHQ6FKZHIHO&OXVWHU LP 3URWHLQ DQ JHJHQEHUOLHJHQGHQ
6HLWHQ EHILQGHQ IKUWH GLH'HOHWLRQ GHU DFLGHQ ,QVHUWLRQ GD]X GDVV GHU (LQEDX GHV (LVHQ
6FKZHIHO&OXVWHUVLQ$EZHVHQKHLWYRQ6DO]HUIROJHQNDQQ
3.3.4 Stabilität von Fdxana in Abhängigkeit von der Salzkonzentration
'LH 6WDELOLWlW YRQ )G[DQD LP&\WRVRO XQGZlKUHQG GHU FKURPDWRJUDSKLVFKHQ$XIUHLQLJXQJ
ZXUGHDQKDQGGHUbQGHUXQJGHU$EVRUSWLRQEHLQPEHVWLPPW
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

=XHUVW ZXUGHQ GLH 6WDELOLWlWHQ GHV $SR XQG GHV +ROR)G[DQD LP &\WRVRO YHUJOLFKHQ =X
GLHVHP=ZHFNZXUGHQXUGLH+lOIWHGHV=HOOH[WUDNWHV]XU5HNRQVWLWXWLRQHLQJHVHW]WXQGGLH
DQGHUH +lOIWH HUVW QDFK DQGHUWKDOE 7DJHQ UHNRQVWLWXLHUW %HLGH 3UREHQ ZXUGHQ EHL &
JHODJHUW'LH$EVRUSWLRQVLQWHQVLWlWEHLQPGHUEHLGHQ3UREHQLVWYHUJOHLFKEDU'DVGHXWHW
GDUDXIKLQGDVV+RORXQG$SRSURWHLQGHV)G[DQDLP&\WRVROlKQOLFKVWDELOVLQG
'LH /DJHUXQJ YRQ )G[DQD EHL & LQ /|VXQJHQ XQWHUVFKLHGOLFKHU 6DO]NRQ]HQWDWLRQ ]HLJWH
GDVV LQ HLQHP 3XIIHU PLW  P0 1D&O GLH $EVRUSWLRQVLQWHQVLWlW EHL  QP QDFK ]ZHL
7DJHQQRFKGHU DQIlQJOLFKHQ ,QWHQVLWlW EHWUlJWZlKUHQG VLH LQ HLQHU /|VXQJPLW 0
1D&OVFKRQDXIDEJHVXQNHQLVW7DEHOOH
7DEHOOHbQGHUXQJGHU$EVRUSWLRQGHUF\WRVROLVFKHQ)UDNWLRQQDFKGHU5HNRQVWLWXWLRQLQ$EKlQJLJNHLW
YRQGHU6DO]NRQ]HQWUDWLRQGHU/|VXQJ
7DJ 7DJ
$QPP01D&O  
$QP01D&O  
)G[DQD]HLJWH DOVR LP*HJHQVDW]]X+V)G[NHLQH6WDELOLVLHUXQJPLW ]XQHKPHQGHU6DO]NRQ
]HQWUDWLRQ VRQGHUQ LVW VRJDU LP*HJHQVDW]GD]XXQWHU1LHGULJVDO]EHGLQJXQJHQ VWDELOHU'LH
'HOHWLRQ GHU DFLGHQ ([WUD'RPlQH EHZLUNW GDVV GDV )HUUHGR[LQ QLFKW PHKU GLH W\SLVFK
KDORSKLOHQ(LJHQVFKDIWHQ]HLJW
 '1$XQG$PLQRVlXUHVHTXHQ]GHV)HUUHGR[LQVDXV+YROFDQLL
%HL+ YROFDQLL KDQGHOW HV VLFK XP HLQHQPRGHUDW KDORSKLOHQ2UJDQLVPXV GHVVHQ RSWLPDOH
:DFKVWXPVEHGLQJXQJHQ EHL QLHGULJHUHQ 6DO]NRQ]HQWUDWLRQHQ OLHJHQ DOV GLH GHV KDORSKLOHQ
2UJDQLVPXV+VDOLQDUXP (V VROOWH IHVWJHVWHOOW ZHUGHQ RE GDV )HUUHGR[LQ DXV+YROFDQLL
VLFK GXUFK HLQH DQGHUH $PLQRVlXUHVHTXHQ] XQG GDPLW YLHOOHLFKW GXUFK DQGHUH VWUXNWXUHOOH
0HUNPDOHDXV]HLFKQHWDOV+V)G[
)UGLH,VROLHUXQJYRQ)HUUHGR[LQDXV+YROFDQLL+Y)G[ZXUGHGDV$XIUHLQLJXQJVSURWRNROO
IU+V)G[XQG+P)G[DQJHZHQGHW'DV+Y)G[EHVLW]WZLHGDV+V)G[$EVRUSWLRQVPD[LPD
EHLQPQPQPXQG(EHQVR]HLJWGDV)HUUHGR[LQDXV+YROFDQLLDXFKHLQ
lKQOLFKHV /DXIYHUKDOWHQ LP 6'6*HO $OOHUGLQJV ZDUHQ WURW] GHV $EVRUSWLRQVYHUKlOWQLVVHV
YRQ$QP$QP QRFKHLQLJHDQGHUH%DQGHQ LP*HOVLFKWEDUZRKLQJHJHQ+V)G[EHL
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

GLHVHP $EVRUSWLRQVYHUKlOWQLV QXU QRFK HLQH KRPRJHQH %DQGH LP 6'6*HO ]HLJW 'LH 1
WHUPLQDOH6HTXHQ]LHUXQJOLHIHUWHIROJHQGH$PLQRVlXUHVHTXHQ]
3797</1<(9/''1*:(/''RGHU(''/RGHU*)(4$$
1DFKHLQHP9HUGDXGHV+Y)G[NRQQWHQGLHVHGUHL3URWHLQIUDJPHQWHVHTXHQ]LHUWZHUGHQ
 (*(,'0'044,/6'((91(.
 195/7&,*639('(9.
&7HUPLQXV ,9<1$$+/'</4159,
)U GLH YROOVWlQGLJH 6HTXHQ]LHUXQJ GHV +Y)G[ ZXUGHQ 3ULPHU IU GLH $PSOLIL]LHUXQJ GHV
+Y)G[ *HQV EHU HLQH 3&5 KHUJHVWHOOW =XP HLQHQ ZXUGHQ 3ULPHU YHUZHQGHW GLH
NRPSOHPHQWlU VLQG ]X GHP  XQG GHP  (QGH GHV +V)G[*HQV =XP DQGHUHQZXUGHQ
:REEOH3ULPHUHQWZRUIHQGLHIUGLHVHTXHQ]LHUWHQ1XQG&WHUPLQDOHQ$PLQVRVlXUHQGHV
+Y)G[NRGLHUHQ
1XU GLH 3&5 PLW JHQRPLVFKHU '1$ DXV + YROFDQLL ]XVDPPHQ PLW GHQ +V)G[3ULPHUQ
UHVXOWLHUWH LQ GHU $PSOLIL]LHUXQJ HLQHV HWZD  %DVHQ ODQJHQ )UDJPHQWHV 'DV )UDJPHQW
ZXUGHEHUHLQ*HODXIJHUHLQLJWLVROLHUWXQGIUHLQH6HTXHQ]LHUXQJVUHDNWLRQHLQJHVHW]W'LH
hEHUVHW]XQJLQGLHHQWVSUHFKHQGHQ$PLQRVlXUHQOLHIHUWHIROJHQGH6HTXHQ]
)''1*:'/'''*/)'4$"'$*/'$('<*(0(914*(<,/($$($4*<':3)6&5$
*$&$1&$$,9.(*(,'0'044,/6'((91(.195/7&,*639('(9.,9<1$.+/'<
/4159,
$EELOGXQJ6HTXHQ]YHUJOHLFKYRQ+Y)G[+V)G[XQG+P)G[(UVWHOOWPLWGHP3URJUDPP&OXVWDO:'LH
$PLQRVlXUHQ GLH LQ DOOHQ GUHL 6HTXHQ]HQ LGHQWLVFK VLQG ZXUGHQ URW KLQWHUOHJW *UDX KLQWHUOHJW ZXUGHQ GLH
$PLQRVlXUHQGLHLQGHQGUHL6HTXHQ]HQlKQOLFKVLQG
     
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(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

(LQ 9HUJOHLFK GHU $PLQVlXUHVHTXHQ]HQ ]HLJWH GDVV EHLP +Y)G[ JHJHQEHU +V)G[ 
$PLQRVlXUHQDXVJHWDXVFKWVLQGZlKUHQGHVLP9HUJOHLFK]X+P)G[VLQGGDVHQWVSULFKW
LPHUVWHQ)DOO,GHQWLWlWXQGLQOHW]WHUHP
+Y)G[EHVLW]WZLHGLHKDORSKLOHQ)HUUHGR[LQH+V)G[XQG+P)G[HLQHDFLGH([WUDGRPlQH(V
VLQG VRPLW NHLQH %HVRQGHUKHLWHQ IHVW]XVWHOOHQ GLH DXI HLQHQPRGHUDW KDORSKLOHQ &KDUDNWHU
KLQGHXWHQ
 hEHUVLFKWGHU(UJHEQLVVH
)U+V)G[ZXUGHHLQH$XIUHLQLJXQJVVWUDWHJLHHWDEOLHUWPLWGHUGDV+ROR)HUUHGR[LQ LQDXV
UHLFKHQGHU 5HLQKHLW IU GLH $XIQDKPH YRQ 1056SHNWUHQ LVROLHUW ZHUGHQ NRQQWH 'HV
ZHLWHUHQ NRQQWH DQKDQG YRQ$EVRUSWLRQVPHVVXQJHQ XQGPLW +LOIH GHU '6& XQG GHU &'
6SHNWURVNRSLH GHU KDORSKLOH &KDUDNWHU GHV +V)G[ QDFKJHZLHVHQ ZHUGHQ ,Q GLHVHP
=XVDPPHQKDQJNRQQWHJH]HLJWZHUGHQGDVVHLQ(LQEDXGHV(LVHQ6FKZHIHO&OXVWHUVXQGGLH
GDGXUFK NDWDO\VLHUWH )DOWXQJ GHV +V)G[ QXU LQ *HJHQZDUW YRQ 6DO]NRQ]HQWUDWLRQHQ JU|HU
P01D&OHUIROJW
'LH1056WUXNWXU GHV+V)G[ LQ /|VXQJZXUGH EHUHFKQHWZRGXUFK HLQ9HUJOHLFKPLW GHU
.ULVWDOOVWUXNWXUGHVKDORSKLOHQ)HUUHGR[LQVDXV+PDULVPRUWXLP|JOLFKZXUGH0LW+LOIHGHU
1056SHNWURVNRSLH ZXUGH DXHUGHP IHVWJHVWHOOW GD GLH $PLQRVlXUHQ GHU VDXUHQ ([WUD
'RPlQH GHV +V)G[ VLFK QLFKW LQ LKUHU )OH[LELOLWlW YRQ GHQ DQGHUHQ XQWHUVFKHLGHQ XQG GLH
(QWIDOWXQJGHV3URWHLQVQLFKWYRQGLHVHU'RPlQHLQLWLLHUWZLUG
8PGHQ(LQIOXGHU([WUD'RPlQHDXIGLH+DORSKLOLHGHV+V)G[]XXQWHUVXFKHQZXUGHHLQH
0XWDQWH )G[DQD GDUJHVWHOOW GLH DQVWDWW GHU  IU KDORSKLOH )HUUHGR[LQH W\SLVFKHQ
$PLQRVlXUHQQDKH]XP17HUPLQXVGHQ/RRSEHVLW]WGHUVLFKLP)HUUHGR[LQDXV$QDEDHQD
DQ GHU DQDORJHQ 6WHOOH EHILQGHW 'DV UHNRPELQDQWH 3URWHLQ ZXUGH DOV $SRIHUUHGR[LQ
H[SULPLHUW $XIIlOOLJ ZDU GDVV HLQH JXWH ([SUHVVLRQ GHV :LOGW\S+V)G[ KRPRORJ LQ
+VDOLQDUXP HUUHLFKW ZXUGH ZlKUHQG GLH 0XWDQWH QLFKW LQ GHP KDORSKLOHQ 2UJQLVPXV
GDUJHVWHOOW ZHUGHQ NRQQWH V7DEHOOH .DSLWHO 'DIU ZDU HLQH KRKH ([SUHVVLRQ
GHV)G[DQDLQ(FROL]XEHREDFKWHQ,QGHPPHVRSKLOHQ2UJDQLVPXVZXUGH+V)G[VHLQHUVHLWV
QXULQVHKUJHULQJHQ0HQJHQDOV)XVLRQVSURWHLQPLW*67H[SULPLHUW
)G[DQDZXUGH LQ(FROL DOV $SRSURWHLQ HUKDOWHQ 'HU (LVHQ6FKZHIHO&OXVWHU NRQQWH XQWHU
1LHGULJVDO]EHGLQJXQJHQUHNRQVWLWXLHUWZHUGHQZRGXUFKDOOHUGLQJVNHLQH)DOWXQJGHV3URWHLQV
HUUHLFKW ZXUGH 7URW]GHP OLH VLFK IHVWVWHOOHQ GDVV GLH 'HOHWLRQ GHU ([WUD'RPlQH GD]X
(UJHEQLVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

IKUWHGDVVGHU(LVHQ6FKZHIHO&OXVWHUDXFKLQ$EZHVHQKHLWYRQ1D&OHLQJHEDXWZXUGHZDV
EHL GHP KDORSKLOHQ )HUUHGR[LQ DXV +VDOLQDUXP QLFKW P|JOLFK ZDU 'LH 'HOHWLRQ GHU
KDORSKLOHQ,QVHUWLRQEHZLUNWHDXHUGHPGDVV)G[DQDVFKRQEHL.RQ]HQWUDWLRQHQYRQQXU
ZY $PPRQLXPVXOIDW DXVILHO ZlKUHQG +V)G[ QRFK ELV ]X  O|VOLFK ZDU $OV ZHLWHUHU
(IIHNWZDU]XEHREDFKWHQGDVV)G[DQDQLFKWPHKUGLH IU+V)G[]XWUHIIHQGH6WDELOLVLHUXQJ
PLW ]XQHKPHQGHU 6DO]NRQ]HQWUDWLRQ DXIZLHV VRQGHUQ EHL JHULQJHUHQ 6DO]NRQ]HQWUDWLRQHQ
VWDELOHUZDUVWDEHOODULVFKHhEHUVLFKWLQ.DSLWHO
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 'LVNXVVLRQ
'DV )HUUHGR[LQ DXV GHP KDORSKLOHQ 2UJDQLVPXV +VDOLQDUXP ]HLFKQHW VLFK ZLH DQGHUH
KDORSKLOH 3URWHLQH GXUFK HLQHQ KRKHQ $QWHLO DQ QHJDWLY JHODGHQHQ 5HVWHQ DXV 0HVRSKLOH
)HUUHGR[LQHEHVLW]HQHEHQIDOOVHLQHQKRKHQ$QWHLODQ$VSDUWDWXQG*OXWDPDWLKUS,YRQLVW
YHUJOHLFKEDU]XGHPGHV+V)G[,QVRIHUQNDQQGLH$GDSWLHUXQJGHV+V)G[DQ+RFKVDO]EHGLQ
JXQJHQQLFKWGXUFKHLQHJU|HUHQHJDWLYH2EHUIOlFKHQODGXQJHUNOlUWZHUGHQ
'HU 8QWHUVFKLHG GHU KDORSKLOHQ )HUUHRGR[LQH ]X 3IODQ]HQW\SIHUUHGR[LQHQ EHVWHKW LQ HLQHU
,QVHUWLRQ YRQ  ]XVlW]OLFKHQ $PLQRVlXUHQ QDKH GHP 17HUPLQXV EHL  GHU 
$PLQRVlXUHQ KDQGHOW VLFK XP$VSDUWDW RGHU *OXWDWPDW 'HVKDOE ZXUGH LP 5DKPHQ GLHVHU
$UEHLW XQWHUVXFKW RE XQG LQZLHIHUQ GLH ]XVlW]OLFKHQ  $PLQRVlXUHQ IU GLH KDORSKLOHQ
(LJHQVFKDIWHQ GHV +V)G[ YHUDQWZRUWOLFK VLQG ,Q GHP =XVDPPHQKDQJ VROOWH XQWHUVXFKW
ZHUGHQREHVVLFKEHLGLHVHU([WUD'RPlQHXPHLQYHUEUHLWHWHV6WUXNWXUPRWLYLQKDORSKLOHQ
3URWHLQHQKDQGHOWZHOFKHVQHEHQGHPHUK|KWHQ$QWHLODQQHJDWLYHQ/DGXQJHQLQKDORSKLOHQ
3URWHLQHQHLQHQ]ZHLWHQ0HFKDQLVPXVGHU$QSDVVXQJDQ+RFKVDO]EHGLQJXQJHQGDUVWHOOW
,P )ROJHQGHQ VROO ]XHUVW DXI GLH %HUHFKQXQJ XQG GLH $QDO\VH GHU 6WUXNWXU GHV +V)G[ LQ
/|VXQJ HLQJHJDQJHQ ZHUGHQ $QVFKOLHHQG ZLUG GLH 6WDELOLWlW GHV +V)G[ LQ $EKlQJLJNHLW
YRQGHU6DO]NRQ]HQWUDWLRQPLWGHP9HUKDOWHQDQGHUHUKDORSKLOHU3URWHLQHYHUJOLFKHQ'DQDFK
ZHUGHQ GLH 8QWHUVXFKXQJHQ ]XP &OXVWHUHLQEDX XQG GHU )DOWXQJ VRZLH ]XU (QWIDOWXQJ GHV
+V)G[GLVNXWLHUW$EVFKOLHHQGZLUGGHU(LQIOXGHU'HOHWLRQGHUDFLGHQ([WUD'RPlQHDXI
GLH6WDELOLWlW XQGGLH)DOWXQJ GHV )HUUHGR[LQV DQDO\VLHUW XQG GHQ(LJHQVFKDIWHQPHVRSKLOHU
)HUUHGR[LQHXQGGHV+V)G[JHJHQEHUJHVWHOOW
 105VSHNWURVNRSLVFKH8QWHUVXFKXQJHQGHV+V)G[
(VVLQGQXUZHQLJH6WUXNWXUHQKDORSKLOHU3URWHLQHEHNDQQW5LFKDUGHWDO)URORZHW
DO 3LHSHU HW DOELVKHU H[LVWLHUHQ.ULVWDOOVWUXNWXUDQDO\VHQRGHU DXIJUXQGYRQ
+RPRORJLHEHWUDFKWXQJHQHUVWHOOWH0RGHOOVWUXNWXUHQ%ULWWRQHWDO
%HL GHU 1056WUXNWXU GHV +V)G[ KDQGHOW HV VLFK XP GLH HUVWH 6WUXNWXUEHVWLPPXQJ HLQHV
KDORSKLOHQDUFKDHDOHQ3URWHLQVLQ/|VXQJ'LHVOlWVLFKDXIGLHLP$OOJHPHLQHQDXIWUHWHQGHQ
6FKZLHULJNHLWHQ EHL GHU105VSHNWURVNRSLVFKHQ8QWHUVXFKXQJ KDORSKLOHU 3URWHLQH ]XUFN
IKUHQ 9LHOH KDORSKLOH 3URWHLQH GHQDWXULHUHQ ZHQQ GLH 6DO]NRQ]HQWUDWLRQ GHU /|VXQJ
ZHQLJHU DOV 0 1D&O RGHU .&O EHWUlJW 'LH 'XUFKIKUXQJ YRQ 1050HVVXQJHQ LVW
DOOHUGLQJV QXU ELV ]X 1D&O .RQ]HQWUDWLRQHQ YRQ HWZD 0 PLW HLQHP 6WDQGDUG 105
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3UREHQNRSI RKQH 3UREOHPH P|JOLFK GD K|KHUH 6DO]NRQ]HQWUDWLRQHQ 6W|UXQJHQ GHV
0DJQHWIHOGHV PLW VLFK EULQJHQ $XV GLHVHQ *UQGHQ ZDU GLH $XVZDKO HLQHV JHHLJQHWHQ
0RGHOOV\VWHPV VHKU ZLFKWLJ 8QWHUVXFKXQJHQ DP+V)G[ ]HLJWHQ GDVV GDV 3URWHLQ DXFK LQ
*HJHQZDUWYRQP01D&OEHLS+EHL57EHUPHKUHUH7DJHVWDELOLVWXQGVLFKVRPLW
IU GLH $QDO\VH PLW +LOIH GHU 1056SHNWURVNRSLH HLJQHW $EELOGXQJ  'DUEHU KLQDXV
ZXUGHQHEHQIDOOV0HVVXQJHQEHLHLQHU6DO]NRQ]HQWUDWLRQYRQ01D&OGXUFKJHIKUWXP
$XVVDJHQ EHU HYHQWXHOOH 6WUXNWXUXQWHUVFKLHGH GHV +V)G[ EHL GHQ YHUVFKLHGHQHQ
6DO]NRQ]HQWUDWLRQHQPDFKHQ]XN|QQHQ
4.1.1 Voraussetzung der Probenbeschaffenheit für die Aufnahme der NMR-Spektren
vom HsFdx
,Q GHU 5HJHO VWHOOHQ 9HUXQUHLQLJXQJHQ EHL 1050HVVXQJHQ DQ 3URWHLQHQ NHLQ EHVRQGHUHV
3UREOHP GDU GD LQWHUSUHWLHUEDUH 105'DWHQ VFKRQ YRQ 3URWHLQO|VXQJHQ HUKDOWHQ ZHUGHQ
GHUHQ5HLQKHLWLVW'LHVJLOWDEHUQXUVRODQJHHVVLFKEHLGHU9HUXQUHLQLJXQJXPQDWLYH
3URWHLQH KDQGHOW /LHJHQ QHEHQ GHP +RORSURWHLQ QRFK JHULQJH 0HQJHQ DQ XQJHIDOWHQHP
$SRSURWHLQ YRU EHUODJHUQ GLH 6LJQDOH GHV GHQDWXULHUWHQ 3URWHLQV GLH GHV +RORSURWHLQV
$EELOGXQJ'LH8UVDFKHGDIU OLHJW LQ GHU JHULQJHUHQ+DOEZHUWVEUHLWH GHU6LJQDOH YRQ
IOH[LEHOEHZHJOLFKHQ0ROHNOHQGLH VLFK LQGHUGHQDWXULHUWHQ.RQIRUPDWLRQEHILQGHQ'LHV
IKUW ]X HLQHU VLJQLILNDQW JU|HUHQ 6LJQDOLQWHQVLWlW LP 9HUJOHLFK ]X GHQ 5HVRQDQ]HQ GHU
$WRPHGLH VLFK LPQDWLYHQ3URWHLQ LQ HLQHU VWDUUHQ8PJHEXQJEHILQGHQ'LHVHU(IIHNW OlW
VLFKVFKRQDQKDQGHLQGLPHQVLRQDOHU+1056SHNWUHQHUNHQQHQ
6RPLWLVWIUGLH$XIQDKPHGHU1056SHNWUHQHUIRUGHUOLFKGDVVGDV+V)G[DOV+RORSURWHLQ
LQKRKHU5HLQKHLWLVROLHUWZLUG'LHVZDUQDFKGHP.HUVFKHU3URWRNROOIUGLH,VROLHUXQJGHV
+V)G[ QLFKW P|JOLFK $QP$QP    (UVW GLH (LQIKUXQJ HLQHU $PPRQLXPVXOIDW
IlOOXQJGHUF\WRVROLVFKHQ)UDNWLRQDXV+VDOLQDUXPXQGGLH'XUFKIKUXQJHLQHUK\GURSKREHQ
6lXOH OLHIHUWH +V)G[ PLW HLQHP $EVRUSWLRQVNRHIIL]LHQWHQ $QP$QP YRQ  'LH
K\GURSKREH&KURPDWRJUDSKLHDXIHLQHU*HOILOWUDWLRQVVlXOHGLHPLWHLQHP$PPRQLXPVXOIDW
JUDGLHQWHQHQWZLFNHOWZLUGZXUGHVSH]LHOO IUKDORSKLOH3URWHLQH HWDEOLHUW (LVHQEHUJ HW DO
+DDU:HUEHU	0HYDUHFKE+V)G[LVWLQZY1+62O|VOLFK
IlOOW DEHU LQ *HJHQZDUW HLQHV 7UlJHUPDWHULDOV ZLH ]% 6HSKDURVH% XQWHU GHQ JOHLFKHQ
%HGLQJXQJHQDXV(VNDQQHUVWEHLQLHGULJHUHQ,RQHQVWlUNHQYRQHWZD1+62ZLHGHU
YRQ GHU 6lXOH HOXLHUW ZHUGHQ %HL GHP $SR+V)G[ KDQGHOW HV VLFK XP HLQ 3URWHLQ PLW
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

JHULQJHP6HNXQGlUVWUXNWXUDQWHLOZRGXUFKGHXWOLFKPHKUK\GURSKREH*UXSSHQDQGHU2EHU
IOlFKH GHV 0ROHNOV OLHJHQ 6RPLW N|QQHQ +ROR XQG $SRSURWHLQ EHL XQWHUVFKLHGOLFKHQ
$PPRQLXPVXOIDWNRQ]HQWUDWLRQHQ YRQ GHU K\GURSKREHQ 6lXOH HOXLHUW XQG DXI GLHVHP:HJ
JHWUHQQW ZHUGHQ +ROR+V)G[ NRQQWH LQ DXVUHLFKHQGHU 5HLQKHLW LVROLHUW ZHUGHQ XP
DXVVDJHNUlIWLJH1056SHNWUHQDXI]XQHKPHQ
4.1.2 Strukturanalyse des HsFdx
'LH6WUXNWXUGHV+V)G[LQ/|VXQJZXUGHDQKDQGGHU'DWHQDXV'+1050HVVXQJHQXQG
1050HVVXQJHQDP1XQG1&PDUNLHUWHQ3URWHLQEHUHFKQHW9RQ.HUQHQGLHNU]HU
DOVcYRPSDUDPDJQHWLVFKHQ(LVHQ6FKZHIHO&OXVWHUHQWIHUQWZDUHQNRQQWHQNHLQH105
6LJQDOHLQQHUKDOEGHVEHREDFKWHWHQ6SHNWUXPVHUKDOWHQZHUGHQ6FKZHLPHUHWDO2K
	0DUNOH\'DPLWDQKDQGGHU105'DWHQHLQHÄDE LQLWLR³%HUHFKQXQJGHU6WUXNWXU
GHV+V)G[DXVVFKOLHOLFKGHUQlKHUHQ8PJHEXQJGHV(LVHQ6FKZHIHO&OXVWHUP|JOLFKZXUGH
ZDUGLH'RSSHOPDUNLHUXQJGHV+V)G[XQGGLH$XIQDKPHPHKUGLPHQVLRQDOHUKHWHURQXNOHDUHU
6SHNWUHQQRWZHQGLJ
'LHHUVWHQ6WUXNWXUEHUHFKQXQJHQDQKDQGYRQ105'DWHQZXUGHQDQ0HWDOORSURWHLQHQGXUFK
JHIKUW GHUHQ SDUDPDJQHWLVFKH =HQWUHQ GXUFK GLDPDJQHWLVFKH HUVHW]W ZXUGHQ ,Q GLHVHQ
)lOOHQ ZXUGH HLQH %HREDFKWXQJ GHU .HUQH QDKH ]XP DNWLYHQ =HQWUXP P|JOLFK %HL
5XEUHGR[LQHQ ZXUGH GDV (LVHQ GXUFK HLQ =LQNDWRP HUVHW]W ZlKUHQG LP )H6
3XWLGDUHGR[LQHLQ*DOOLXPDWRPDQVWHOOHGHUEHLGHQ(LVHQDWRPHHLQJHEDXWZXUGH%ODNHHWDO
.D]DQLV	3RFKDSVN\)UGDV)H6)HUUHGR[LQDXV$QDEDHQDJHODQJHVGLH
EHLGHQ (LVHQDWRPH GXUFK ]ZHL *DOOLXPDWRPH ]X HUVHW]HQ 9R HW DO  'LH DQDORJHQ
9HUVXFKH LP5DKPHQGLHVHU$UEHLW+V)G[ LQ*HJHQZDUW YRQ*D&O DQVWHOOH YRQ)H&O ]X
UHNRQVWLWXLHUHQ IKUWHQ QLFKW ]X HLQHP 3URWHLQ PLW JHRUGQHWHU 6HNXQGlUVWUXNWXU 6RPLW
NRQQWHQ NHLQH ,QIRUPDWLRQHQ IU GLH 5HVWH LP FOXVWHUQDKHQ %HUHLFK GHV +V)G[ JHZRQQHQ
ZHUGHQ
'LH $PLQRVlXUHUHVWH XQG GLH 6WUXNWXU LP %HUHLFK GHV DNWLYHQ =HQWUXP VLQG EHL DOOHQ
3IODQ]HQW\SIHUUHGR[LQHQ VWDUN NRQVHUYLHUW 'HVKDOE EHVWHKW GLH0|JOLFKNHLW $EVWDQGV XQG
:LQNHOEHVFKUlQNXQJHQ IU GLH $PLQRVlXUHQ QDKH ]XP SDUDPDJQHWLVFKHQ &OXVWHU GHQ
.ULVWDOOVWUXNWXUGDWHQ HLQHV EHNDQQWHQ 3IODQ]HQW\SIHUUHGR[LQV ]X HQWQHKPHQ /HORQJ HW DO
$XI GLHVH:HLVHZXUGHQ GLH ELVKHU EHNDQQWHQ 6WUXNWXUPRGHOOH GHU )HUUHGR[LQH DXV
3VHXGRPRQDV6\QHFKRFRFFXVHORQJDWXVXQG6\QHFKRF\VWLVHUKDOWHQVLHKH7DEHOOHXQG
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LHVHU$QVDW]ZXUGH HEHQIDOOV IU GLH%HUHFKQXQJGHU6WUXNWXUVFKDU GHV+V)G[ HLQJHVHW]W
GLH XQWHU GHP 3'%'DWHQEDQNHLQWUDJ (2= DEJHOHJW ZXUGH )U GDV +V)G[ ZXUGH DEHU
]XVlW]OLFK QRFK HLQ ]ZHLWHU $QVDW] JHZlKOW GHU GLH 6WUXNWXUHQVFKDU ( RKQH'DWHQ DXV
EHNDQQWHQ.ULVWDOOVWUXNWXUHQ IU GHQ FOXVWHUQDKHP%HUHLFK OLHIHUW ,Q GHU IROJHQGHQ7DEHOOH
VLQG GLH 'LVWDQ]EHVFKUlQNXQJXQJHQ DXIJHIKUW ZHOFKH EHU 12( ,QWHQVLWlWHQ
.RSSOXQJVNRQVWDQWHQ XQG DQKDQG YRQ $PLGSURWRQHQDXVWDXVFKVSHNWUHQ LQ '2 HUKDOWHQ
ZXUGHQ
7DEHOOH  9HUJOHLFK GHU 1056WUXNWXUPRGHOOH GHV +V)G[ PLW EHNDQQWHQ 6WUXNWXUHQ YRQ )H6
)HUUHGR[LQHQ LQ /|VXQJ 3VHXGRPRQDV 3XWLGDUHG[RLQ 3RFKDSVN\ HW DO  6\QHFKRF\VWLV )HUUHGR[LQ
/HORQJHWDOXQG6\QHFKRFRFFXV)HUUHGR[LQ%DXPDQQHWDO'HU$QVDW](IU+V)G[ZXUGH
RKQH 'LVWDQ]EHVFKUlQNXQJHQ IU GHQ FOXVWHUQDKHQ %HUHLFK JHUHFKQHW GHU &OXVWHUEHUHLFK GHU DQGHUHQ GUHL
6WUXNWXUPRGHOOHZXUGHPLWGHQ'DWHQGHV$QDEDHQD)HUUHGR[LQPRGHOOLHUW
3URWHLQ $Q]DKO GHU
$PLQRVlXUHQ
$Q]DKO
12(V
,QWUD
UHVLGXHOO
6HTXHQWLHOO
LM 
,QWHUUHVLGXHOO
PLWWHOZHLW
UHLFKHQGH
,QWHUUHVLGXHOO
ZHLW
UHLFKHQG
+V)G[(     LM<

LM

3VHXGRPRQDV
3XWLGDUHGR[LQ
   LM

LM>

6\QHFKRFRFFXV
HORQJDWXV
)HUUHGR[LQ
    LM

LM>

6\QHFKRF\VWLV
)HUUHGR[LQ
    LM

LM>

3URWHLQ :LQNHOEHVFKUlQNXQJHQ :DVVHUVWRIIEUFNHQELQGXQJHQ
+V)G[(  
3VHXGRPRQDV
3XWLGDUHGR[LQ
 
6\QHFKRFRFFXVHORQJDWXV
)HUUHGR[LQ
 
6\QHFKRF\VWLV
)HUUHGR[LQ
 
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

7DEHOOH9HUJOHLFKGHUUPVG:HUWHYRQ1056WUXNWXUHQGHV+V)G[XQGYHUVFKLHGHQHU3IODQ]HQW\S
IHUUHGR[LQH
3URWHLQ $Q]DKOGHU6WUXNWXUPRGHOOH UPVG&a)  [c@
+V)G[(  
3VHXGRPRQDV
3XWLGDUHGR[LQ
 
6\QHFKRFRFFXVHORQJDWXV
)HUUHGR[LQ
 
6\QHFKRF\VWLV
)HUUHGR[LQ
6WUXNWXUIDPLOLH 
)U +V)G[ NRQQWH HLQH KRKH $Q]DKO DQ ZHLWUHLFKHQGHQ 'LVWDQ]EHVFKUlQNXQJHQ HUKDOWHQ
ZHUGHQ 7DEHOOH  'LHV IKUWH DXFK RKQH 'LVWDQ]EHVFKUlQNXQJHQ IU GHQ FOXVWHUQDKHQ
%HUHLFK]XHLQHUJXWGHILQLHUWHQ6WUXNWXUPLWHLQHPJHULQJHQUPVG:HUWYRQc'HUUPVG
:HUW VWHKW IU GLH PLWWOHUH $EZHLFKXQJ GHU $WRPNRRUGLQDWHQ LQ XQWHUVFKLHGOLFKHQ
6WUXNWXUPRGHOOHQYRQGHQHQWVSUHFKHQGHQ$WRPSRVLWLRQHQLQGHUJHPLWWHOWHQ6WUXNWXU
'HU9HUJOHLFKGHUEHLGHQ6WUXNWXUPRGHOOHYRQ+V)G[]HLJWHGDVVGHUUPVG:HUWIUGLH&a
$WRPHLQ(PLWcJU|HUZDUDOVGHUIU(2=PLWc'RFKGLHJOREDOH)DOWXQJ
EHLGHU 6WUXNWXUVFKDUHQ LVW LGHQWLVFK 'LH 'LVWDQ] XQG :LQNHOEHVFKUlQNXQJHQ VLQG DOVR
DXVUHLFKHQG IU HLQH 6WUXNWXUEHUHFKQXQJ RKQH 'DWHQ DXV EHNDQQWHQ .ULVWDOOVWUXNWXUHQ
$OOHUGLQJVZDUHVDQKDQGGHU105'DWHQQLFKWP|JOLFKGLH2ULHQWLHUXQJGHU&WHUPLQDOHQ
+HOL[GHV+V)G[]XPUHVWOLFKHQ3URWHLQ]XEHVWLPPHQ,QGHU.ULVWDOOVWUXNWXUGHV]XP+V)G[
KRPRORJHQ )HUUHGR[LQV DXV+PDULVPRUWXL +P)G[ EHILQGHW VLFK GHU &7HUPLQXV LQ GHU
1lKH GHV (LVHQ6FKZHIHO=HQWUXPV $EELOGXQJ  'LHVH 3RVLWLRQ GHU &WHUPLQDOHQ
$PLQRVlXUHQZUGHDXFKGDV)HKOHQGHUZHLWUHLFKHQGHQ12(.UHX]VLJQDOH IUGLHVHQ7HLO
GHV+V)G[HUNOlUHQ
'LHhEHUODJHUXQJ GHU&a 3RVLWLRQHQ GHU 6WUXNWXUHQVFKDU (PLW GHU.ULVWDOOVWUXNWXU YRQ
+P)G[OLHIHUWHLQHQUPVG:HUWYRQc
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJhEHUODJHUXQJGHV+V)G[JUQXQGGHV+P)G[3'%'DWHQEDQNHLQWUDJ'2,URW
'DPLW LVW GLH 6WUXNWXU YRQ +V)G[ LQ /|VXQJ YHUJOHLFKEDU ]X GHU )HVWN|USHUVWUXNWXU GHV
KDORSKLOHQ+P)G[$XFKGLH+HOLFHVaXQGa GHV+V)G[EHVLW]HQ LQ/|VXQJGLHJOHLFKH
.RQIRUPDWLRQZLHEHL+P)G[LQGHU.ULVWDOOVWUXNWXU'HU(LQIOXGHQGLH([WUD'RPlQHDXI
GLHKDORSKLOHQ(LJHQVFKDIWHQGHV+V)G[KDWNDQQVRPLWQLFKWDXIVWUXNWXUHOOH%HVRQGHUKHLWHQ
GLHVHV%HUHLFKVLQ/|VXQJLP9HUJOHLFK]XVHLQHU.RQIRUPDWLRQLP)HVWN|USHU]XUFNJHIKUW
ZHUGHQ
'LH 6WHLJHUXQJ GHU 6DO]NRQ]HQWUDWLRQ YRQ  DXI 0 1D&O EHZLUNWH HEHQIDOOV NHLQH
6WUXNWXUlQGHUXQJ 'LH 6WDELOLWlWVXQWHUVFKLHGH EHL YHUVFKLHGHQHQ 6DO]NRQ]HQWUDWLRQHQ ODVVHQ
VLFKGDKHUHEHQIDOOVQLFKWDXIVWUXNWXUHOOH8UVDFKHQ]XUFNIKUHQ
 'DV)H6)HUUHGR[LQDXVGHPPRGHUDWKDORSKLOHQ2UJDQLVPXV+YROFDQLL
%LVKHU ZDUHQ OHGLJOLFK GLH 6HTXHQ]HQ GHU EHLGHQ KDORSKLOHQ )H6 )HUUHGR[LQH DXV
+VDOLQDUXP XQG + PDULVPRUWXL EHNDQQW $XIJUXQG LKUHU bKQOLFKNHLW ]X
3IODQ]HQW\SIHUUHGR[LQHQ XQG GHU JHULQJHQ +RPRORJLH ]X 9HUWHEUDWHQ)HUUHGR[LQHQ ZLUG
DQJHQRPPHQ GDVV ODWHUDOHU *HQWUDQVIHU ]ZLVFKHQ +DOREDNWHULHQ XQG &\DQREDNWHULHQ E]Z
$OJHQ IU GLH VWDUNH +RPRORJLH GHU )HUUHGR[LQH DXV GLHVHQ XQWHUVFKLHGOLFKHQ 2UJDQLVPHQ
YHUDQWZRUWOLFKLVW'HU8QWHUVFKLHGLQGHU$PLQRVlXUHVHTXHQ]GHUKDORSKLOHQ)HUUHGR[LQH]X
GHQ3IODQ]HQW\SIHUUHGR[LQHQEHVWHKWLQGHU([WUD'RPlQHQDKHGHP17HUPLQXVLQGHUVLFK
HLQKRKHU$QWHLOQHJDWLYHU5HVWHEHILQGHW
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

1HEHQ KDORSKLOHQ 2UJDQLVPHQ H[LVWLHUHQ DXFK PRGHUDW KDORSKLOH 2UJDQLVPHQ GLH EHL
6DO]NRQ]HQWUDWLRQHQ YRQ 0 1D&O ZDFKVHQ N|QQHQ ZREHL 1D&O WHLOZHLVH GXUFK
0J&OHUVHW]WZHUGHQNDQQ0XOODNKDQEKDL	/DUVHQ'DV*O\NRVLOLHUXQJVPXVWHUGHU
0HPEUDQ GHV PRGHUDW KDORSKLOHQ 2UJDQLVPXV+ YROFDQLL XQWHUVFKHLGHW VLFK YRQ GHP GHU
KDOREDNWHULHOOHQ 0HPEUDQ GXUFK GDV GHXWOLFK JHULQJHUH 9RUNRPPHQ QHJDWLYHU /DGXQJHQ
0HQJHOH 	 6XPSHU  (V EHVWHKW GLH 0|JOLFKNHLW GDVV DXFK 3URWHLQH GHV PRGHUDW
KDORSKLOHQ 2UJDQLVPXV PLW HLQHU JHULQJHUHQ 2EHUIOlFKHQGLFKWH DQ QHJDWLYHQ /DGXQJHQ
DXVNRPPHQ$XIGHU2EHUIOlFKHGHU'LK\GURIRODWUHGXNWDVHDXV+YROFDQLL]%VLQGZLHEHL
GHU0DODWGHK\GURJHQDVHDXV+PDULVPRUWXLKP0'+XQGGHPKP)G[&OXVWHUQLFKW LQWHU
DJLHUHQGHU QHJDWLY JHODGHQHU5HVWH ]X EHREDFKWHQ 3LHSHU HW DO $OOHUGLQJVZDU GHU
hEHUVFKX DQ DFLGHQ 5HVWHQ GHU 'LK\GURIRODWUHGXNWDVH DXV+YROFDQLL YHUJOLFKHQ ]X GHP
PHVRSKLOHQ 3HQGDQW DXV( FROL  JHJHQEHU  QLFKW VLJQLILNDQW VR ZLH HV EHL
DQGHUHQKDORSKLOHQ3URWHLQHQLP9HUJOHLFK]XGHQDQDORJHQPHVRSKLOHQ3URWHLQHQGHU)DOOLVW
+ YROFDQLL )HUUHGR[LQ +Y)G[ ZXUGH LVROLHUW XQG GLH 6HTXHQ] EHVWLPPW XP HYHQWXHOOH
8QWHUVFKLHGHLQ$PLQRVlXUH]XVDPPHQVHW]XQJXQG±VHTXHQ]]X+V)G[VRZLHJHJHEHQHQIDOOV
VWUXNWXUHOOH%HVRQGHUKHLWHQDXI]XGHFNHQ'RFKGLH6HTXHQ]KRPRORJLHGHV+Y)G[YRQ
]X+V)G[XQGYRQ]X+P)G[VRZLHGDV9RUKDQGHQVHLQGHUDFLGHQ,QVHUWLRQQDKHGHP
17HUPLQXV]HLJWHQHLQGHXWLJGDVVHVVLFKEHL+Y)G[XPHLQKDORSKLOHV)HUUHGR[LQKDQGHOW
$XIJUXQGGHUKRKHQ6HTXHQ]KRPRORJLH]XGHQEHLGHQVWUXNWXUHOOJXWXQWHUVXFKWHQKDORSKLOHQ
)HUUHGR[LQHQZXUGHYRQHLQHU6WUXNWXUDQDO\VHGHV+Y)G[DEJHVHKHQ
9RU NXU]HP ZXUGH GLH 6HTXHQ] HLQHV ZHLWHUHQ KDORSKLOHQ )HUUHGR[LQV DXV +DORDUFXOD
MDSRQLFDYHU|IIHQWOLFKWZHOFKHV HLQH6HTXHQ]LGHQWLWlWYRQ]X+P)G[]X+V)G[
XQG  ]X +Y)G[ EHVLW]W 0DWVXR HW DO  $XFK GLHVHV )HUUHGR[LQ EHVLW]W GHQ
W\SLVFKHQ hEHUVFKX YRQ  $PLQRVlXUHQ QDKH ]XP 17HUPLQXV LP 9HUJOHLFK ]X
3IODQ]HQW\SIHUUHGR[LQHQ$PLQRVlXUHQVLQG*OXWDPDWRGHU$VSDUWDW(LQH6WUXNWXUDQDO\VH
GHV)HUUHGR[LQVDXV+DORDUFXODMDSRQLFDZXUGHELVODQJQLFKWSXEOL]LHUW
 ,VW+V)G[DOV0RGHOOV\VWHPIUKDORSKLOH3URWHLQHJHHLJQHW"
'LH PHLVWHQ KDORSKLOHQ 3URWHLQH EHVLW]HQ HLQH K|KHUH QHJDWLYH 2EHUIOlFKHQODGXQJ DOV LKUH
PHVRSKLOHQ$QDORJD0RGHOOUHFKQXQJHQYRQ/2(VVHQXQYHU|IIHQWOLFKW'LH%HWUDFKWXQJ
GHU KDORSKLOHQ )HUUHGR[LQH KLQJHJHQ OHJW QDKH GDVV HV QRFK HLQHQ ZHLWHUHQ
$QSDVVXQJVPHFKDQLVPXVDQ+RFKVDO]EHGLQJXQJHQJLEW'DV+V)G[EHVLW]WHLQH,QVHUWLRQYRQ
 $PLQRVlXUHQ ZREHL GHU $QWHLO DQ $VSDUWDW XQG *OXWDPDW  DXVPDFKW (V NRQQWH
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

JH]HLJW ZHUGHQ GDVV HV VLFK KLHUEHL XP HLQ ZLHGHUKROW DXIWUHWHQGHV 0HUNPDO KDORSKLOHU
3URWHLQHKDQGHOWHWZDZHLWHUH3URWHLQHDXV+VDOLQDUXPHQWKDOWHQHLQH6HTXHQ]YRQ
$PLQRVlXUHQLQGHQHQGHU$QWHLODQVDXUHQ5HVWHQPLQGHVWHQVDXVPDFKW6XFKIXQNWLRQ
YRQ9+LFNPDQQXQYHU|IIHQWOLFKW
%HYRU DXI GLH VWUXNWXUHOOHQ%HVRQGHUKHLWHQ GHV+V)G[ HLQJHJDQJHQZLUG VROOHQ GLH(LJHQ
VFKDIWHQGHV)HUUHGR[LQVLP9HUJOHLFK]XDQGHUHQKDORSKLOHQ3URWHLQHQGLVNXWLHUWZHUGHQ
4.3.1 Die Stabilität des HsFdx in Abhängigkeit von der Salzkonzentration im Vergleich
zu anderen halophilen Proteinen
+DORSKLOH3URWHLQH]HLFKQHQVLFKGDGXUFKDXVGDVVLKUH6WDELOLWlWPLWGHU1D&OE]ZGHU.&O
.RQ]HQWUDWLRQVWHLJW,Q*HJHQZDUWYRQ01D&OVLQGVLHEHL5DXPWHPSHUDWXUEHU0RQDWH
VWDELO )ROJHQGH (Q]\PH XQG 3URWHLQH KDORSKLOHU 2UJDQLVPHQ ZXUGHQ ELVKHU DXI LKUH
6WDELOLWlWXQG$NWLYLWlWLQ$EKlQJLJNHLWYRQGHU6DO]NRQ]HQWUDWLRQXQWHUVXFKW
7DEHOOHhEHUVLFKWEHUGLHELVKHUDXILKUH6WDELOLWlWXQGRGHU$NWLYLWlWLQ$EKlQJLJNHLWYRQGHU
6DO]NRQ]HQWUDWLRQXQWHUVXFKWHQKDORSKLOHQ3URWHLQH
3URWHLQ 2UJDQLVPXV $ENU]XQJ /LWHUDWXUVWHOOH
0DODWGHK\GURJHQDVH
(&
+PDULVPRUWXL +P0'+ 0HYDUHFKHWDO
*OXWDPDWGHK\GURJHQDVH
(&
+PDULVPRUWXL +P*'+ /HLFKWHWDO
*OXWDPDWGHK\GURJHQDVH
(&
+VDOLQDUXP +V*'+ %ULWWRQHWDO
*OXWDPDWGHK\GURJHQDVH
(&
+PHGLWHUUDQHL +PH*'+ )HUUHUHWDO
*OXFRVHGHK\GURJHQDVH
(&
+VDOLQDUXP +V*OXF'+ 0DGDQ	6RQDZDW
*OXFRVHGHK\GURJHQDVH
(&
+PHGLWHUUDQHL +PH*OXF'+ %RQHWHHWDO
*O\FHULQDOGHK\G
3KRVSKDW'HK\GURJHQDVH
(&
+YDOOLVPRUWLV +YDO*$3'+ (EHOHWDO
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LK\GUROLSRDPLG
'HK\GURJHQDVH
(&
+YROFDQLL +Y'+/'+ -ROOH\HWDO
'LK\GURIRODWUHGXNWDVH
(&
+YROFDQLL +Y'+)5 3LHSHUHWDO=XVPDQHW
DO
.DWDODVH3HUR[LGDVH
.DWDODVH(&
3HUR[LGDVH(&
+PDULVPRUWXL +P.3 &HQGULQHWDO
(ORQJDWLRQVIDNWRU7X
(&
+PDULVPRUWXL +P()7X (EHOHWDO
)HUUHGR[LQ +PDULVPRUWXL +P)G[ )URORZHWDO
)HUUHGR[LQ +VDOLQDUXP +V)G[ %DQG\RSDGK\D\HWDO
%DQG\RSDGK\D\	6RQDZDW

(LQ ZHLWHUHV 0HUNPDO KDORSKLOHU 3URWHLQH LVW LKUH JHULQJH 6WDELOLWlW XQG )XQNWLRQDOLWlW LQ
1LHGULJVDO]O|VXQJ0XOWLPHUHKDORSKLOH(Q]\PHGLVVR]LLHUHQEHL.RQ]HQWUDWLRQHQNOHLQHU
01D&OXQGYLHOHPRQRPHUHKDORSKLOH3URWHLQHGHQDWXULHUHQXQWHUGLHVHQ%HGLQJXQJHQ
+V)G[EHKlOWDXFKLQP01D&OVHLQH6WUXNWXUEHUHLQLJH7DJHEHL6HOEVW LQP0
1D&O GDXHUW HV EHU 6WXQGHQ ELV+V)G[ YROOVWlQGLJ GHQDWXULHUW LVW )U HLQ 3URWHLQ DXV
HLQHP KDORSKLOHQ 2UJDQLVPXV LVW GLHVH 6WDELOLWlW XQWHU 1LHGULJVDO]EHGLQJXQJHQ
DXHUJHZ|KQOLFK'LH+DOEZHUWV]HLWGHU+P0'+LQ$EZHVHQKHLWLKUHV.RIDNWRUV1$'+LQ
P0 1D&O EHWUlJW LP *HJHQVDW] ]XP +V)G[ EHL 57 ZHQLJHU DOV HLQH 0LQXWH 'LH
+DOEZHUWV]HLWGHU+YDO*$3'+LQ0.&OOLHJWEHL57XPK
'D VLFK DQGHUH KDORSKLOH 3URWHLQH XQWHU 1LHGULJVDO]EHGLQJXQJHQ VFKQHOOHU HQWIDOWHQ DOV
+V)G[ZXUGH HV DXFK DOV KDORWROHUDQW EH]HLFKQHW+DORWROHUDQ]ZUGH DEHU EHGHXWHQ GDVV
KRKH 6DO]NRQ]HQWUDWLRQHQ WROHULHUWZHUGHQ MHGRFK NHLQH ]XVlW]OLFKH 6WDELOLVLHUXQJPLW VLFK
EULQJHQ
*HJHQGLH.ODVVLIL]LHUXQJGHV+V)G[DOVKDORWROHUDQWVSULFKWVRPLWGLH]XQHKPHQGH6WDELOLWlW
GHV 3URWHLQV PLW ZDFKVHQGHU 6DO]NRQ]HQWUDWLRQ GLH VRZRKO DQKDQG GHU 899,6
VSHNWURVNRSLVFKHQ 8QWHUVXFKXQJHQ EHL 5DXPWHPSHUDWXU GHU WHPSHUDWXUDEKlQJLJHQ
'HQDWXULHUXQJXQGPLW+LOIHGHU'6&XQG&'0HVVXQJHQHLQGHXWLJQDFKJHZLHVHQZXUGH
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

,Q 0 1D&O EHJLQQW GLH 'HQDWXULHUXQJ GHV +V)G[ HUVW EHL 7HPSHUDWXUHQ REHUKDOE YRQ
& XQG GLH+DOEZHUWV]HLW EHL & EHWUlJW K (VZXUGH IU YLHOH KDORSKLOH 3URWHLQH
EHREDFKWHW GDVV VLH VLFK LQ 0 1D&O HUVW EHL 7HPSHUDWXUHQ JU|HU & HQWIDOWHQ %HL
+Y'/'+LVWGLH7HPSHUDWXUVWDELOLWlW VRJDU VR VWDUN DXVJHSUlJW GDVVGLH(QWIDOWXQJ HUVW DE
HLQHU7HPSHUDWXUYRQ&EHJLQQW-ROOH\HWDO7DEHOOH
%HWUDFKWHWPDQGLH6WDELOLWlWGHV+V)G[EHLQLHGULJHQ6DO]NRQ]HQWUDWLRQHQLP9HUJOHLFK]XU
+P0'+VR LVW IHVW]XVWHOOHQGDVVGLH+DOEZHUWV]HLWYRP+V)G[ LQP01D&OXQGGLH
+DOEZHUWV]HLWGHU+P0'+LQP01D&OLQ*HJHQZDUWYRQJHULQJHQ0HQJHQDQ1$'+LQ
GHU JOHLFKHQ *U|HQRUGQXQJ OLHJHQ 'HU .RIDNWRU 1$'+ ZLUNW VWDELOLVLHUHQG DXI GLH
WHWUDPHUH6WUXNWXUGHV+P0'+(EHQVRZLHGHU.RIDNWRUEHZLUNWGHUNRYDOHQWJHEXQGHQHQ
(LVHQ6FKZHIHO&OXVWHU LP +V)G[ GDVV GLH 6HNXQGlUVWUXNWXU GHV )HUUHGR[LQV DXFK EHL
JHULQJHQ6DO]NRQ]HQWUDWLRQHQEHL5DXPWHPSHUDWXUEHUHLQLJH7DJHHUKDOWHQEOHLEW
'LH7HPSHUDWXUHQ7PDXVGHQ'6&XQG&'0HVVXQJHQDP+V)G[PLW7PP01D&O 
&<7PP01D&O &<7P01D&O &VWHKHQIUHLQHGHXWOLFKH
6WDELOLVLHUXQJGHV3URWHLQVPLW]XQHKPHQGHU6DO]NRQ]HQWUDWLRQ
7DEHOOHhEHUVLFKW]XGHQ+DOEZHUWV]HLWHQKDORSKLOHU3URWHLQHLQ$EKlQJLJNHLWYRQGHU6DO]NRQ]HQWUD
WLRQXQGGHU7HPSHUDWXU
3URWHLQ 1D&O.RQ]HQWDWLRQ 7HPSHUDWXU +DOEZHUWV]HLW
+V)G[ 0 & K
+V)G[ P0 & PLQ
+P0'+ 0 & K0DGHUQHWDO
+P0'+ P0 57 <PLQ
+P0'+
PLWm01$'+
P0 57 K
+PHG*'+ 0 & PLQ)HUUHUHWDO
+PHG*'+ 0 & K
+P*'+ 0 & K/HLFKWHWDO
+YDO*$3'+ 0.&O 57 K.ULVKQDQ	$OWHNDU
+YDO*$3'+ 0.&O 57 K
+Y&LWUDW6\QWKDVH 0.&O 57 K&RQQDULVHWDO
=XVDPPHQIDVVHQGOlWVLFKVDJHQGDVVGLH6WDELOLWlWGHV+V)G[LQ01D&OEHL5DXPWHP
SHUDWXUXQGGLH+DOEZHUWV]HLWGHU'HQDWXULHUXQJEHL&FKDUDNWHULVWLVFKVLQGIUHLQKDOR
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

SKLOHV 3URWHLQ 'LH ]XQHKPHQGH 6WDELOLVLHUXQJ GLHVHV )HUUHGR[LQV PLW VWHLJHQGHU 1D&O
.RQ]HQWUDWLRQ VSULFKW HEHQIDOOV GDIU GDVV HV VLFK EHL +V)G[ QLFKW XP HLQ KDORWROHUDQWHV
VRQGHUQXPHLQKDORSKLOHV3URWHLQKDQGHOW
4.3.2 Faltung und Rekonstitution des HsFdx sind abhängig von der NaCl-
Konzentration
%LVKHU H[LVWLHUHQ QXU ZHQLJH 8QWHUVXFKXQJHQ LQZLHIHUQ GLH 6DO]NRQ]HQWUDWLRQ GLH )DOWXQJ
HLQHV KDORSKLOHQ 3URWHLQV EHHLQIOXW 0HYDUHFK HW DO  (V LVW EHNDQQW GDVV HLQLJH
KDORSKLOH 3URWHLQHZLH ]% GDV &KH< DXV+ VDOLQDUXP LQ1LHGULJVDO]O|VXQJ GHQDWXULHUHQ
XQGGXUFK'LDO\VH JHJHQ 01D&OZLHGHU ]XUFNJHIDOWHWZHUGHQ N|QQHQ 6FKPLWW 
(EHQVR NDQQ GLH $NWLYLWlW YRQ +P0'+ GXUFK 'LDO\VH JHJHQ +RFKVDO]O|VXQJ
ZLHGHUKHUJHVWHOOW ZHUGHQ ,Q GLHVHP =XVDPPHQKDQJ ZXUGH DEHU IHVWJHVWHOOW GDVV HLQH
7HWUDPHULVLHUXQJ GHU +P0'+ 0RQRPHUH QXU LQ *HJHQZDUW YRQ 1D&O HUIROJW XQG QLFKW
GXUFKGHQ.RIDNWRU1$'+EHZLUNWZHUGHQNDQQREZRKOGLHVHULQGHU/DJHLVWGDVKDORSKLOH
(Q]\PLQ1LHGULJVDO]O|VXQJGHXWOLFK]XVWDELOLVLHUHQ
'LH(QWIDOWXQJ YRQ+V)G[ LVW QLFKW UHYHUVLEHO GD GHU NRYDOHQW JHEXQGHQH(LVHQ6FKZHIHO
.RPSOH[EHLHLQHU'HQDWXULHUXQJGHV3URWHLQV]HUIlOOW$EHUGLH5HNRQVWLWXWLRQGHV&OXVWHUV
NRQQWHLQ*HJHQZDUWYRQ(LVHQVXOIDWXQG'LQDWULXPVXOILGHUUHLFKWZHUGHQ'LH(IIL]LHQ]GHV
(LVHQHLQEDXV ZXUGH LQ $EKlQJLJNHLW YRQ GHU 6DO]NRQ]HQWUDWLRQ XQWHUVXFKW 'DEHL ZXUGH
IHVWJHVWHOOW GDVV +V)G[ LQ 1LHGULJVDO]O|VXQJHQ GLH P0 1D&O HQWKLHOWHQ QLFKW
UHNRQVWLWXLHUWZHUGHQNRQQWH ,Q P01D&O NRQQWH HLQ7HLO GHV+V)G[ LQ QDWLYHU )RUP
HUKDOWHQZHUGHQ(UVW LQ*HJHQZDUWYRQ01D&OZDU HLQ YROOVWlQGLJHU:LHGHUHLQEDX GHV
(LVHQ6FKZHIHO.RPSOH[HVP|JOLFK
'DVEHGHXWHWGDVVGLHQDWLYH)DOWXQJXQGGLH5HNRQVWLWXWLRQGHV)H6&OXVWHUVGHV+V)G[
LQ HLQHPPHVRSKLOHQ2UJDQLVPXV QLFKWP|JOLFK LVW VRQGHUQ QXU LP&\WRSODVPD KDORSKLOHU
$UFKDHDHUUHLFKWZHUGHQNDQQ
4.3.3 Homogene Flexibilität der Aminosäurereste und gleichzeitige Entfaltung der
verschiedenen Strukturelemente des HsFdx
'LH $GGLWLRQ YLHOHU :HFKVHOZLUNXQJHQ JHULQJHU (QHUJLH :DVVHUVWRIIEUFNHQELQGXQJHQ
HOHNWURVWDWLVFKHXQGK\GURSKREH:HFKVHOZLUNXQJHQPDFKHQGLH6WDELOLWlWHLQHV3URWHLQVDXV
'D GLH1058QWHUVXFKXQJHQ NHLQH6WUXNWXUXQWHUVFKLHGH IU GDV+V)G[ EHL P01D&O
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

XQG01D&OHUNHQQHQOLHHQPXVVHVHLQHQDQGHUHQ*UXQGIUGLH(QHUJLHGLIIHUHQ]GHV
QDWLY JHIDOWHWHQ +V)G[ EHL YHUVFKLHGHQHQ 6DO]NRQ]HQWUDWLRQHQ JHEHQ (LQH 0|JOLFKNHLW
EHVWHKWLQGHUbQGHUXQJGHU)OH[LELOLWlWGHU$PLQRVlXUHQGLHHLQH9DULDWLRQGHU6WlUNHYRQ
:DVVHUVWRIIEUFNHQELQGXQJHQXQGK\GURSKREHQ.RQWDNWHQEHZLUNHQNDQQ
'HU$PLQRVlXUHDXVWDXVFKHLQHV7U\SWRSKDQVJHJHQHLQ*O\FLQLP7U\SVLQLQKLELWRU%37,]%
IKUWH ]X HLQHU 'HVWDELOLVLHUXQJ GHV 3URWHLQV XP NFDOPRO XQG HLQHU IDFK QLHGULJHUHQ
$IILQLWlW]X7U\SVLQ*ROGHQEHUJHWDO'LHGHXWOLFKJU|HUH)OH[LELOLWlWHLQLJHU5HVWH
GHU0XWDQWH LP9HUJOHLFK ]XP:LOGW\S%37, LVW HUNHQQEDU DQ LKUHQ K|KHUHQ WUDQVYHUVDOHQ
15HOD[DWLRQVUDWHQ %HHVHU HW DO  )U GDV *DOOLXPVXEVWLWXLHUWH 3XWLGDUHGR[LQ
NRQQWHQ )OH[LELOLWlWVXQWHUVFKLHGH DQKDQG GHU 1^+`12(V IU HLQ]HOQH 5HVWH IHVWJHVWHOOW
ZHUGHQ.D]DQLV	3RFKDSVN\
+V)G[NDQQJHGDQNOLFKLQ]ZHL7HLOHDXIJHWHLOWZHUGHQDXIGHUHLQHQ6HLWHEHILQGHWVLFKGHU
LQ 3IODQ]HQW\SIHUUHGR[LQHQ NRQVHUYLHUWH %HUHLFK XP GDV DNWLYH =HQWUXPPLW HLQHP JURHQ
K\GURSKREHQ.HUQXQGDXIGHUDQGHUHQ6HLWHGLH$PLQRVlXUHQQDKHGHP17HUPLQXVGLH
]ZHL a+HOLFHV PLW HLQHP HLJHQHQ K\GURSKREHQ .HUQ DXVELOGHQ ZHOFKH LQ HLQHP
UDXPIOOHQGHQ0RGHOODOVVDXUH([WUD'RPlQH]XHUNHQQHQVLQGV$EELOGXQJ
$EELOGXQJ  hEHUODJHUXQJ GHV +V)G[ JUQ XQG GHV $QDEDHQD )HUUHGR[LQV 3'% 'DWHQEDQNHLQWUDJ
)55 URW 'LHVH $XVULFKWXQJ GHU EHLGHQ 0ROHNOH ZXUGH IU GLH *5$632EHUIOlFKHQGDUVWHOOXQJ
$EELOGXQJDXVJHZlKOW
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EELOGXQJ$EELOGXQJGHU2EHUIOlFKHQODGXQJYRQ+V)G[ OLQNVXQG$QDEDHQD)HUUHGR[LQ UHFKWV
(UVWHOOWPLWGHP3URJUDPPÄ*5$63³6DXUH5HVWHVLQGLQURWGDUJHVWHOOWSRVLWLYH5HVWHLQ%ODXIUGLH6NDOD
ZXUGHQ GLH :HUWH    JHZlKOW )U GLH 6DO]NRQ]HQWUDWLRQ ZXUGH 0 DQJHJHEHQ 'LH VDXUH ([WUD
'RPlQHPLWGHQ+HOLFHVaXQGaLVWGXUFKHLQH(OOLSVHJHNHQQ]HLFKQHW
'LH 0HVVXQJ GHU $PLQRVlXUHIOH[LELOLWlWHQ GHV +V)G[ HUJDEHQ NHLQH 8QWHUVFKLHGH IU GLH
WUDQVYHUVDOHQ 15HOD[DWLRQVUDWHQ YRQ 5HVWHQ DXV GHP NRQVHUYLHUWHQ %HUHLFK XQG VROFKHQ
DXV GHU VDXUHQ ([WUDGRPlQH EHL HLQHU 6DO]NRQ]HQWUDWLRQ YRQ P0 1D&O )DOOV GLH
6DO]NRQ]HQWUDWLRQHLQHQ(LQIOXDXIGLH$PLQRVlXUHIOH[LELOLWlWKDWVRZLUNWVLHXQLIRUPDXI
DOOHGXUFKGLH1056SHNWURVNRSLHEHREDFKWEDUHQ$PLQRVlXUHUHVWHGHV+V)G[
'LH105VSHNWURVNRSLVFKH8QWHUVXFKXQJGHU WKHUPLVFKHQ'HQDWXULHUXQJGHV+V)G[HUJDE
GDVVHVVLFKEHLGHU(QWIDOWXQJXPHLQHQ3UR]HKDQGHOWGHULQYHUVFKLHGHQHQ%HUHLFKHQGHV
3URWHLQV JOHLFK]HLWLJ VWDWWILQGHW 'LH ,QWHQVLWlWVDEQDKPH GHU EHREDFKWEDUHQ 1056LJQDOH
EHVLW]W IU IDVW DOOH $PLQRVlXUHQ HLQHQ LGHQWLVFKHQ =HLWYHUODXI 'LH (QWIDOWXQJ GHU ([WUD
'RPlQHILQGHWDOVRQLFKWVFKQHOOHUVWDWWDOVGLHGHVUHVWOLFKHQ3URWHLQVXQGVRPLWLVWVLHQLFKW
GHU$XVJDQJVSXQNWIUGLH'HQDWXULHUXQJGHV+V)G[
 )XQNWLRQGHU([WUDGRPlQH
'D GLH VWUXNWXUHOOH 8QWHUVXFKXQJ GHU DFLGHQ ([WUDGRPlQH NHLQHQ $XIVFKOX EHU GLH
:LUNXQJVZHLVHGHU]XVlW]OLFKHQGUHLLJ$PLQRVlXUHQLQKDORSKLOHQ3URWHLQHQJDEZXUGHVLH
GXUFK GLH MHZHLOLJHQ 6WUXNWXUHOHPHQWH DXVPHVRSKLOHQ 3IODQ]HQW\SIHUUHGR[LQHQ HUVHW]W XP
LKUH)XQNWLRQDXI]XNOlUHQ
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4.4.1 Natur der Extra-Domäne
'LH([WUD'RPlQHGHV+V)G[ IlOOW GXUFKGHQKRKHQ$QWHLO QHJDWLYHU5HVWH DXI(VKDQGHOW
VLQG EHL ]HKQ GHU $PLQRVlXUHUHVWH  XP $VSDUWDW GUHL ZHLWHUH VLQG *OXWDPDW 'LHVHU
%HUHLFKGHV+V)G[HQWKlOWDOVR]XQHJDWLYH$PLQRVlXUHQ'DEHLIlOOWGLH IUKDORSKLOH
3URWHLQH W\SLVFKH%HYRU]XJXQJ YRQ$VSDUWDWUHVWHQ DXI'LH$VSDUWDWVHLWHQNHWWH LVW XP HLQH
&+(LQKHLW NU]HU DOV GLH *OXWDWPDWVHLWHQNHWWH LQVRIHUQ N|QQHQ VWHULVFKH $VSHNWH GHQ
$XVVFKODJ JHEHQ IU GLH %HYRU]XJXQJ YRQ $VSDUWDWUHVWHQ (EHQVR N|QQHQ (QWURSLHHIIHNWH
HLQH5ROOHVSLHOHQGDHLQH2ULHQWLHUXQJGHU:DVVHUPROHNOHXPGLH0HWK\OJUXSSHQHUIROJW
'LHOlQJHUH*OXWDPDWVHLWHQNHWWHEHZLUNWVRPLWHLQHVWlUNHUH2UGQXQJGHU6ROYHQVPROHNOH
,Q7DEHOOHVLQGHLQLJHFKDUDNWHULVWLVFKH0HUNPDOHGHV+V)G[GHQHQGHV)HUUHGR[LQVDXV
$QDEDHQDJHJHQEHUJHVWHOOW$XHUGHPVLQG]XPZHLWHUHQ9HUJOHLFKDXFKGLHS,:HUWHXQG
GLH$PLQRVlXUH]XVDPPHQVHW]XQJ IUGLH0XWDQWH)G[DQDXQG IUGLH LP)G[DQD GHOHWLHUWH
([WUD'RPlQHGHV+V)G[DXIJHIKUW
7DEHOOH9HUJOHLFKGHU$PLQRVlXUH]XVDPPHQVHW]XQJGHV+V)G[PLWGHP)HUUHGR[LQDXV$QDEDHQD
GHU0XWDQWH)G[DQDXQGGHUGHOHWLHUWHQ([WUD'RPlQHGHV+V)G[
+V)G[ )HUUHGR[LQDXV$QDEDHQD )G[DQD ,QVHUWLRQ([WUD'RPlQH
$Q]DKOGHU$6    
S,    
$VS    
*OX    
$UJ    
/\V    
$VS*OX    
$UJ/\V    
(LQZHLWHUHV0HUNPDO GHU ([WUD'RPlQH LVW GLH VWUXNWXUHOOH (LQKHLW GLHVHV %HUHLFKV VLHKH
$EELOGXQJ'LH]ZHLDPSKLSKLOHQa+HOLFHVVLQGQDFKDXHQVWDUNQHJDWLYJHODGHQXQG
ELOGHQDQGHU.RQWDNWVWHOOH]XHLQDQGHUHLQHQNOHLQHQK\GURSKREHQ.HUQDXV
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4.4.2 Übersicht über bisher bekannte Strukturmerkmale halophiler Proteine
%LVKHU H[LVWLHUHQ ]ZHL .ULVWDOOVWUXNWXUHQ GHU KDORSKLOHQ 3URWHLQH +P0'+ XQG +P)G[
5LFKDUGHWDO )URORZHWDO$XHUGHPZXUGHQ6WUXNWXUHQGHU+V*'+XQG
GHU+Y'/'+PRGHOOLHUW'LHVH]HLJHQHEHQVRZLHGLH.ULVWDOOVWUXNWXUHQGDVVGLHQHJDWLYHQ
/DGXQJHQ EHU GLH 2EHUIOlFKH GHV 3URWHLQV YHUWHLOW YRUOLHJHQ 'LH DNWLYHQ =HQWUHQ MHGRFK
EHILQGHQVLFKLQHLQHPK\GURSKREHQ%HUHLFKVRZLHHVDXFKLQGHQPHVRSKLOHQ$QDORJDGHU
)DOOLVW%ULWWRQHWDO3LHSHUHWDO
$OV P|JOLFKH )XQNWLRQ GHU JURHQ $Q]DKO DQ &DUER[\ODWUHVWHQ ZXUGH LKUH KRKH :DVVHU
ELQGXQJVNDSD]LWlW DQJHIKUW(VZXUGHHLQ0RGHOO HQWZRUIHQQDFKGHPGLHQHJDWLYHQ5HVWH
HLQH +\GUDWKOOH PLW NRPSOH[LHUWHQ $QLRQHQ XQG .DWLRQHQ XP GLH +P0'+ DXVELOGHQ
=DFFDLHWDO5LFKDUGHWDO'LH:DVVHUXQG,RQHQELQGXQJVNDSD]LWlWHLQLJHU
KDORSKLOHU(Q]\PHZXUGHPLW+LOIH YRQ1HXWURQHQEHXJXQJVH[SHULPHQWHQ XQG DQDO\WLVFKHQ
'LFKWH8OWUD]HQWULIXJDWLRQVXQG/LFKWVWUHXXQJVPHVVXQJHQEHVWLPPW'LHKDORSKLOH*$3'+
ELQGHWLQ0.&OJ+2J3URWHLQXQGJ.&OJ3URWHLQ(EHOHWDOGHU
(ORQJDWLRQVIDNWRU+P()7XJ+2J3URWHLQXQGJ.&OJ3URWHLQ'DVPHVRSKLOH
3URWHLQ %6$ KLQJHJHQ ELQGHW HEHQIDOOV  J+2J3URWHLQ DEHU NHLQH DQRUJDQLVFKHQ
.DWLRQHQ
'LH:DVVHUELQGXQJVNDSD]LWlW YRQ +V)G[ RGHU +P)G[ LVW ELVKHU QLFKW XQWHUVXFKW ZRUGHQ
'DIU NRQQWH LQ GHU .ULVWDOOVWUXNWXU GHV +P)G[ LP 9HUJOHLFK ]XU .ULVWDOOVWUXNWXU GHV
PHVRSKLOHQ/\VR]\PV]ZDUNHLQK|KHUHU$QWHLODQJHEXQGHQHQ:DVVHUPROHNOHQIHVWJHVWHOOW
ZHUGHQDEHU]XGHQLQGHU.ULVWDOOVWUXNWXUGHVKP)G[YRUKDQGHQHQ:DVVHUPROHNOHQZHUGHQ
PHKU:DVVHUVWRIIEUFNHQELQGXQJHQDXVJHELOGHWDOVLP/\VR]\P)URORZHWDO
,QGHU.ULVWDOOVWUXNWXUGHU+P0'+NRQQWHDXIJUXQGGHUJHULQJHQ$XIO|VXQJYRQcQXU
HLQ1DWULXPLRQDQGHU)OlFKH]ZLVFKHQ]ZHL0RQRPHUHQ]XJHRUGQHWZHUGHQ'LHVLVWDQGHU
$XVELOGXQJ HLQHU NRPSOH[HQ 6DO]EUFNHQELQGXQJ GHU8QWHUHLQKHLWHQ EHWHLOLJW$XFK LQ GHU
.ULVWDOOVWUXNWXUGHV)HUUHGR[LQVDXV+PDULVPRUWXLZXUGHQQXUVHFKV.DOLXPLRQHQHQWGHFNW
(LQ *URWHLO GLHVHU .DOLXPLRQHQ LVW QLFKW EHU &DUER[\ODWJUXSSHQ JHEXQGHQ VRQGHUQ VLH
ZHUGHQYRQ&DUERQ\OJUXSSHQGHV3HSWLGUFNJUDWHVNRPSOH[LHUW )URORZ HW DO hEHU
GLH .RPSOH[LHUXQJ YRQ .DWLRQHQ NDQQ VRPLW GLH )XQNWLRQ GHV KRKHQ $QWHLOV DQ
&DUER[\ODWJUXSSHQ DQ GHU2EHUIOlFKH QLFKW HUNOlUWZHUGHQ'D GLH.ULVWDOOH GHV+P)G[ LQ
*HJHQZDUW YRQ 0 .1D3KRVSKDW XQG QLFKW YRQ 1D.&O HUKDOWHQ ZXUGHQ NDQQ GLHV
DOOHUGLQJVDXIGHQ(LQIOXGHUYHUVFKLHGHQHQ6DO]H]XUFN]XIKUHQVHLQ
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LH 1056WUXNWXUDQDO\VH YRQ +V)G[ NDQQ NHLQH $XVNXQIW EHU GLH %LQGXQJ YRQ
1DWULXPLRQHQ GXUFK VSH]LILVFKH &DUER[\O RGHU &DUERQ\OIXQNWLRQHQ OLHIHUQ 'LH 5HVRQDQ]
GHU 3URWRQHQ GHU :DVVHUPROHNOH ZLUG PLW +LOIH HLQHU 3XOVVHTXHQ] XQWHUGUFNW GD GLH
6LJQDOLQWHQVLWlWGHU:DVVHUSURWRQHQGLH5HVRQDQ]HQGHV3URWHLQVEHUGHFNHQZUGHQ
8P GHQ KRKHQ $QWHLO DQ QHJDWLYHQ /DGXQJHQ ]X HUNOlUHQ ZXUGH QHEHQ GHU :DVVHU XQG
,RQHQELQGXQJ LKUH HOHNWURVWDWLVFKH $EVWRXQJ DOV P|JOLFKH )XQNWLRQ LQ GHU /LWHUDWXU
GLVNXWLHUW'LHHOHNWURVWDWLVFKH:HFKVHOZLUNXQJNDQQ]XPHLQHQGHU7HQGHQ]YRQ3URWHLQHQ
HQWJHJHQZLUNHQ EHL VWHLJHQGHU ,RQHQVWlUNH ]X DJJORPHULHUHQ =XP DQGHUHQ NDQQ VLH HLQH
DXVUHLFKHQGH)OH[LELOLWlWEHLKRKHQ6DO]NRQ]HQWUDWLRQHQJHZlKUOHLVWHQ'LH$EVFKLUPXQJGHU
QHJDWLYHQ /DGXQJHQ DXI GHU 2EHUIOlFKH HLQHV KDORSKLOHQ 3URWHLQV GXUFK GHQ (LQEDX YRQ
K\GUDWLVLHUWHQ.DWLRQHQ VROOWH DOOHUGLQJV VFKRQ EHL QLHGULJHQ 6DO]NRQ]HQWUDWLRQHQ YRQ HWZD
0YROOVWlQGLJVHLQZLHHVIUQHJDWLYJHODGHQH0DNURPROHNOHZLHGLH'1$XQG3RO\
JOXWDPDW GHU )DOO LVW 'LHVHU (IIHNW NDQQ VRPLW QLFKW DOV (UNOlUXQJ IU GLH ]XQHKPHQGH
6WDELOLWlW KDORSKLOHU 3URWHLQH LQ 6DO]NRQ]HQWUDWLRQHQ REHUKDOE YRQ  0 1D&O RGHU .&O
KHUDQJH]RJHQ ZHUGHQ (EHQVR NDQQ GLH XQWHUVFKLHGOLFKH :LUNXQJ YRQ YHUVFKLHGHQHQ
$QLRQHQ GLH VLH DXI GLH $NWLYLWlW GHU +P0'+ KDEHQ (EHO HW DO D QLFKW DXI GLH
$EVFKLUPXQJGHUQHJDWLYHQ/DGXQJHQGXUFKGLH.RPSOH[LHUXQJYRQ.DWLRQHQ]XUFNJHIKUW
ZHUGHQ
1HEHQGHPHUK|KWHQ9RUNRPPHQQHJDWLYHU5HVWH LVW DXFKHLQJHULQJHUHU$QWHLO DQ VWHULVFK
DQVSUXFKVYROOHQK\GURSKREHQ5HVWHQLQKDORSKLOHQ3URWHLQHQ]XEHREDFKWHQ$QLKUHU6WHOOH
ZHUGHQ YHUVWlUNW NOHLQH K\GURSKREH $PLQRVlXUHQ JHIXQGHQ V$EELOGXQJ 'LH K\GUR
SKREHQ:HFKVHOZLUNXQJHQ LQ HLQHP3URWHLQ VLQG DEHU QLFKW QXU YRQ GHU 6DO]NRQ]HQWUDWLRQ
DEKlQJLJ VRQGHUQ DXFK YRQ GHU ,RQHQDUW 'HVKDOE ZLUG DQJHQRPPHQ GDVV QHEHQ GHU
$EVFKLUPXQJ GHU QHJDWLYHQ /DGXQJHQ GXUFK GHQ (LQEDX YRQ .DWLRQHQ XQG GHU VWlUNHUHQ
+\GUDWLVLHUXQJ HLQHV KDORSKLOHQ 3URWHLQV GLH YHUlQGHUWHQ K\GURSKREHQ :HFKVHOZLUNXQJHQ
XQWHU+RFKVDO]EHGLQJXQJHQZLFKWLJVLQGIUVHLQH6WDELOLWlWXQG$NWLYLWlW
=XVDPPHQIDVVHQG OlWVLFK]XGHQ0HUNPDOHQKDORSKLOHU3URWHLQH VDJHQGDVV VLHDXIJUXQG
GHV KRKHQ $QWHLOV DQ QHJDWLYHQ 5HVWHQ :DVVHUPROHNOH IHVWHU ELQGHQ N|QQHQ 'LH
%HWHLOLJXQJ GHU &DUER[\ODWJUXSSHQ DQ GHU .RPSOH[LHUXQJ YRQ .DWLRQHQ XQG GDPLW LKUH
)XQNWLRQNRQQWHDOOHUGLQJVELVKHUQRFKQLFKW]ZHLIHOVIUHLJHNOlUWZHUGHQ
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4.4.2.1 Exkurs: Funktion der Carboxylatreste in Pflanzentypferredoxinen
0HVRSKLOH )HUUHGR[LQH ]HLFKQHQ VLFK HEHQIDOOV GXUFK HLQHQ XQJHZ|KQOLFK KRKHQ$QWHLO DQ
QHJDWLYJHODGHQHQ5HVWHQDXV'HUS,:HUWYRQFDLVWYHUJOHLFKEDU]XGHPS,GHUPHLVWHQ
KDORSKLOHQ3URWHLQH'DGDV&\WRVROPHVRSKLOHU2UJDQLVPHQQXUHWZDP01D&OHQWKlOW
PVVHQ GLH *OXWDPDW XQG $VSDUWDWUHVWH GHU 3IODQ]HQW\SIHUUHGR[LQH HLQHP DQGHUHQ =ZHFN
GLHQHQDOVGHU.RPSOH[LHUXQJYRQF\WRVROLVFKHQ.DWLRQHQ
%HL )HUUHGR[LQHQ KDQGHOW HV VLFK XP (OHNWURQHQDN]HSWRUHQ 5HGR[UHDNWLRQHQ N|QQHQ DXI
XQWHUVFKLHGOLFKH:HLVH UHJXOLHUWZHUGHQGD]XJHK|UHQ WKHUPRG\QDPLVFKH)DNWRUHQZLHGLH
5HGR[SRWHQWLDOH GHU EHWHLOLJWHQ 3URWHLQH $EVWDQG XQG UHODWLYH 2ULHQWLHUXQJ GHU
5HGR[]HQWUHQ GLH =XVDPPHQVHW]XQJ GHU 3URWHLQPDWUL[ VRZLH GLH %HVFKDIIHQKHLW GHU
ZHFKVHOZLUNHQGHQ2EHUIOlFKHQ]ZLVFKHQ(Q]\PXQG.RIDNWRU
'HU KRKH $QWHLO QHJDWLYHU /DGXQJHQ LQ 3IODQ]HQW\SIHUUHGR[LQHQ NDQQ ]% GXUFK GLH
1HWWRODGXQJ GDV 5HGXNWLRQVSRWHQ]LDO EHHLQIOXVVHQ %HL 0XWDWLRQVVWXGLHQ LQ GHQHQ
&DUER[\ODWIXQNWLRQHQGXUFKLKUHXQJHODGHQHQ&DUER[DPLG$QDORJDHUVHW]WZXUGHQOLHVLFK
DOOHUGLQJV NHLQ HLQGHXWLJHU (LQIOX GHU 0XWDWLRQ DXI GDV 5HGXNWLRQVSRWHQWLDO QDFKZHLVHQ
6ZDUW] HW DO  %UHUHQWRQ HW DO  1XU GHU $XVWDXVFK (.4 LP $QDEDHQD
)HUUHGR[LQ IKUWH ]X HLQHU SRVLWLYHQ bQGHUXQJ GHV 5HGXNWLRQVSRWHQWLDOV YRQ  DXI
P9 +XUOH\ HW DO  ZlKUHQG IU GLH 0XWDWLRQ (' NHLQ (LQIOX DXI GDV
5HGR[SRWHQWLDOIHVWJHVWHOOWZHUGHQNRQQWH+XUOH\HWDO
'HU(LQIOXQHJDWLYJHODGHQHU6HLWHQNHWWHQDXIGHU2EHUIOlFKHGHV3URWHLQVZLUGLQZlULJHU
/|VXQJ VWDUN DEJHVFKZlFKW8QWHUVXFKXQJHQ LQ$EKlQJLJNHLW YRQ GHU ,RQHQVWlUNH HUJDEHQ
GDVVGLH5HGXNWLRQGHU)HUUHGR[LQ1$'35HGXNWDVH)15GXUFK)HUUHGR[LQDXV$QDEDHQD
EHLHLQHU.RQ]HQWUDWLRQYRQP01D&OPD[LPDOLVWEHLK|KHUHQ6DO]NRQ]HQWUDWLRQHQ
MHGRFKVWDUNDEQLPPW+XUOH\HWDO+XUOH\HWDO,QGHUGLUHNWHQ8PJHEXQJ
YRQ  c ]XP (LVHQ6FKZHIHO&OXVWHU EHILQGHQ VLFK DXVVFKOLHOLFK XQJHODGHQH $PLQR
VlXUHQ,QGHP=XVDPPHQKDQJZXUGHIHVWJHVWHOOWGDVVYRUDOOHPGLH$Q]DKOGHU:DVVHUVWRII
EUFNHQELQGXQJHQ ]X 5HVWHQ LQ GHU 1lKH GHV DNWLYHQ =HQWUXPV HLQHQ (LQIOX DXI GDV
5HGR[SRWHQWLDOKDW
:HLWHUKLQ ZXUGH XQWHUVXFKW RE GLH QHJDWLYHQ /DGXQJHQ HVVHQWLHOO VLQG IU GLH
:HFKVHOZLUNXQJGHU(OHNWURQHQDN]HSWRUHQPLWGHP]XJHK|ULJHQ(Q]\P'HU$XVWDXVFKGHU
$PLQRVlXUHQ'$XQG'$EHZLUNW LP6\QHFKRF\VWLV )HUUHGR[LQ HLQHbQGHUXQJ VHLQHU
'LVVR]LDWLRQVNRQVWDQWH ]XP 3KRWRV\VWHP , *XLOORXDUG HW DO  REZRKO DQ GHU
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

.RPSOH[ELOGXQJYRUDOOHPGHU&7HUPLQXVGHVDXV$PLQRVlXUHQEHVWHKHQGHQ)HUUHGR[LQV
EHWHLOLJWLVW/HORQJHWDO
(LQH bQGHUXQJ GHU (OHNWURQHQDN]HSWRUHLJHQVFKDIWHQ GXUFK GHQ (UVDW] YRQ DFLGHQ 5HVWHQ
NRQQWHQXULQYHUHLQ]HOWHQ)lOOHQIHVWJHVWHOOWZHUGHQ.PPHUOHHWDO
'DV 5HGR[SRWHQWLDO YRQ +V)G[ LVW QXU JHULQJIJLJ YRQ GHU 6DO]NRQ]HQWUDWLRQ DEKlQJLJ
.HUVFKHU  ,Q$EZHVHQKHLW YRQ 6DO] EHL S+ ZXUGH GDV0LWWHOSXQNWVSRWHQWLDO ]X
P9EHVWLPPWLQ0.&O]X±P9%HLHLQHPS+:HUWYRQOLHJWGDV3RWHQWLDO
GHVKDOREDNWHULHOOHQ)HUUHGR[LQV LQHLQHU VDO]IUHLHQ/|VXQJEHL±P9'DPLWQLPPWGDV
+V)G[ HLQH 0LWWHOVWHOOXQJ ]ZLVFKHQ GHQ 3IODQ]HQW\SIHUUHGR[LQHQ PLW ±P9 XQG GHQ
EDNWHULHOOHQ)HUUHGR[LQHPLWHWZD±P9HLQ.HUVFKHUVWHOOWHDXHUGHPIHVWGDVV+V)G[
QLFKWGDV6SLQDWIHUUHGR[LQDOV(OHNWURQHQWUlJHUHUVHW]HQNDQQEHLGHU(OHNWURQHQEHUWUDJXQJ
YRP3KRWRV\VWHP,]XP1$'36WDWWGHVVHQNDQQ+V)G[LQ0.&OHLQ(OHNWURQDXI1$'
EHUWUDJHQ 'LH $NWLYLWlWVPHVVXQJHQ DQ GHU 3\UXYDW)HUUHGR[LQ2[LGRUHGXNWDVH ZXUGHQ LQ
*HJHQZDUW YRQ 0 .&O GXUFKJHIKUW .HUVFKHU  GLH $NWLYLWlW EHOLFKWHWHU 6SLQDW
&KORURSODVWHQ JHKW VFKRQ EHL 6DO]NRQ]HQWUDWLRQHQ YRQ 0 DXI 1XOO ]XUFN .HUVFKHU
'LH5HGR[UHDNWLRQHQDQGHQHQ+V)G[EHWHLOLJLVWILQGHQXQWHU+RFKVDO]EHGLQJXQJHQ
VWDWWZHOFKHHLQH)XQNWLRQGHVHQWVSUHFKHQGHQPHVRSKLOHQ(Q]\PVXQP|JOLFKPDFKHQ
4.4.3 Deletion der aciden Extradomäne des HsFdx
8P GHQ (LQIOX GHU DFLGHQ ([WUD'RPlQH GHV +V)G[ ]X XQWHUVXFKHQ ZXUGHQ 0XWDQWHQ
KHUJHVWHOOWLQGHQHQGLHVHU%HUHLFKGHV3URWHLQVGHOHWLHUWLVW'DGLH+HOLFHVaXQGaGLHb
)DOWEOlWWHUb  XQGb  YHUELQGHQZXUGH LQ GHU0XWDQWH )G[DQD GLHVH ,QVHUWLRQ JHJHQ GHQ
/RRS DXV GHP 3IODQ]HQW\SIHUUHGR[LQ DXV$QDEDHQD DXVJHWDXVFKW ,Q GHU0XWDQWH )G[HTXL
QLPPWGLHVHQ3ODW]GHU7XUQDXV(DUYHQVHHLQ
'LH0XWDQWH)G[DQDEHVLW]WGHQJOHLFKHQSUR]HQWXDOHQ$QWHLODQVDXUHQ$PLQRVlXUHQZLHGDV
)HUUHGR[LQ DXV$QDEDHQD GD HV DEHU ]ZHLSRVLWLYH5HVWHPHKU WUlJW OLHJW VHLQS,PLW 
JHULQJIJLJK|KHUDOVGHUGHV3IODQ]HQW\SIHUUHGR[LQVPLWVLHKH7DEHOOH
'LH'HOHWLRQGHU([WUD'RPlQHGHV+V)G[IKUWGD]XGDVVGLH0XWDQWH)G[DQDHLQHVWDUNH
bKQOLFKNHLW EH]JOLFK GHU 6HTXHQ] XQG$PLQRVlXUH]XVDPPHQVHW]XQJ ]X 3IODQ]HQW\SIHUUH
GR[LQHQ DXIZHLVW ,QVRIHUQ ZDU ]X HUZDUWHQ GDVV )G[DQD HLQH lKQOLFKH 6WUXNWXU ZLH GDV
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

)HUUHGR[LQ DXV $QDEDHQD DXVELOGHW 'DV UHNRPELQDQWH 3URWHLQ VROOWH DOVR lKQOLFKH (LJHQ
VFKDIWHQEHVLW]HQZLHGLHKRPRORJHQPHVRSKLOHQ3IODQ]HQW\SIHUUHGR[LQH
4.4.3.1 Expressionslevel des FdxWt und der Mutanten
%LVKHUZXUGHQ HLQLJH )HUUHGR[LQH UHNRPELQDQW LQ( FROL H[SULPLHUW 'LH 3URWHLQH NRQQWHQ
]XP 7HLO DOV +RORSURWHLQ ZLH ]% LP )DOO GHV 3VHXGRPRQDV SXWLGD )HUUHGR[LQV GHV
6SLQDWIHUUHGR[LQVXQGGHV$GUHQRGR[LQVÄERYLQHIHUUHGR[LQ³RGHUDOV$SRSURWHLQH LVROLHUW
ZHUGHQ 0R HW DO  $OLYHUWL HW DO  %HUQKDUGW HW DO  $QDEDHQD
)HUUHGR[LQXQGKXPDQHV)HUUHGR[LQZXUGHQLQ(FROLDOV$SRSURWHLQH[SULPLHUW
6WXGLHQEHUGLH)HUUHGR[LQH[SUHVVLRQ]HLJWHQGDVVGHU(LQEDXGHV(LVHQ6FKZHIHO&OXVWHUV
GHQJHVFKZLQGLJNHLWVEHVWLPPHQGHQ6FKULWWGDUVWHOOW'XUFKGLH.RH[SUHVVLRQGHVLVFÄLURQ
VXOIXUFOXVWHU³*HQFOXVWHUV NRQQWH GHU $QWHLO DQ +RORSURWHLQ EHGHXWHQG HUK|KW ZHUGHQ
1DNDPXUDHWDO$JDUHWDO=KHQJHWDO
'LH OLWHUDWXUEHNDQQWHQ ([SUHVVLRQHQ KDORSKLOHU 3URWHLQH LQ (FROL ]HLJWHQ GDVV GLH
UHNRPELQDQWHQ3URWHLQHYRUDOOHPLQXQO|VOLFKHU)RUPLQ(LQVFKOXN|USHUQH[SULPLHUWZHUGHQ
XQG HUVW GXUFK 5FNIDOWXQJ LQ *HJHQZDUW YRQ 0 1D&O RGHU .&O LQ GLH QDWLYH )RUP
JHEUDFKW ZHUGHQ N|QQHQ $OV %HLVSLHOH VLQG GLH ([SUHVVLRQ GHV &KH< DXV + VDOLQDUXP
6FKPLWW  GHV +Y'+/'+ XQG GHU &LWUDWV\QWKDVH DXV + YROFDQLL 6FKPLWW 
&RQQDULV HW DO  XQG GHU +Y'+)5 %OHFKHU HW DO  ]X QHQQHQ 'LH +P0'+
KLQJHJHQ NRQQWH DOV O|VOLFKHV 3URWHLQ LQ JURHQ0HQJHQ LQ( FROL SURGX]LHUW ZHUGHQ XQG
DQVFKOLHHQG GXUFK 'LDO\VH JHJHQ +RFKVDO]O|VXQJ YRQ GHU LQDNWLYHQ LQ GLH DNWLYH )RUP
JHEUDFKWZHUGHQ
,Q GHU 7DEHOOH  LVW DXIJHIKUW LQ ZHOFKHP 2UJDQLVPXV XQG ZLH JXW GLH YHUVFKLHGHQHQ
.RQVWUXNWH GHV :W)G[ XQG VHLQHU EHLGHQ 0XWDQWHQ H[SULPLHUW ZHUGHQ NRQQWHQ %HL GHU
([SUHVVLRQGHVUHNRPELQDQWHU]HXJWHQ+V)G[XQGVHLQHU0XWDQWHQILHODXIGDVVGDVKDORSKLOH
3URWHLQ+V)G[LQ+VDOLQDUXPKRPRORJH[SULPLHUWZLUGDEHUQLFKWKHWHURORJLQ(FROL1XU
DOV)XVLRQVSURWHLQJHNRSSHOWDQGLH*OXWDWKLRQ67UDQVIHUDVHNRQQWHHV LQJHULQJHQ0HQJHQ
LQ( FROL DOV$SRSURWHLQ RKQH(LVHQ6FKZHIHO&OXVWHU HUKDOWHQZHUGHQ'LH ,QGXNWLRQ XQG
GDPLW GLH 3URGXNWLRQ GHV *67)G[:W KHPPWH GDV ( FROL =HOOZDFKVWXP GHXWOLFK 'LH
([SUHVVLRQGHU*67)XVLRQVSURWHLQHGHU0XWDQWHQKDWWHLP*HJHQVDW]GD]XNHLQHQQHJDWLYHQ
(LQIOXDXIGDV=HOOZDFKVWXP
'DV)HUUHGR[LQDXV+MDSRQLFDNRQQWHHEHQIDOOVLQ(FROLDOV*67)XVLRQVSURWHLQH[SULPLHUW
ZHUGHQDEHUDXFKLQGLHVHP)DOOKDQGHOWHHVVLFKXPGDV$SRSURWHLQ0DWVXRHWDO
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LHVH )HVWVWHOOXQJ  HEHQVR ZLH GLH 5HNRQVWLWXWLRQVH[SHULPHQWH DP +V)G[ VSUHFKHQ GDIU
GDVVGHU(LQEDXGHV(LVHQ6FKZHIHO&OXVWHUVLQKDORSKLOHQ)HUUHGR[LQHQDXVVFKOLHOLFKXQWHU
+RFKVDO]EHGLQJXQJHQHUIROJW
)G[DQD NRQQWH VHLQHUVHLWV QXU LP PHVRSKLOHQ 2UJDQLVPXV ( FROL H[SULPLHUW ZHUGHQ XQG
)G[HTXLZXUGHQXUDOV)XVLRQVSURWHLQ*67)G[HTXLHUKDOWHQ
7DEHOOH  ,Q GHQ 7DEHOOHQ LVW DXIJHIKUW ZLH HIIHNWLY GLH XQWHUVFKLHGOLFKHQ .RQVWUXNWH LQ GHQ
YHUVFKLHGHQHQ 2UJDQLVPHQ H[SULPLHUW ZHUGHQ NRQQWHQ  JXWH hEHUH[SUHVVLRQ   hEHUH[SUHVVLRQ 
JHULQJH([SUHVVLRQNHLQH([SUHVVLRQGHWHNWLHUEDU
3URWHLQ ([SUHVVLRQLPKDORSKLOHQ
2UJDQLVPXV+VDOLQDUXP
3URWHLQ ([SUHVVLRQLPPHVRSKLOHQ
2UJDQLVPXV(FROL
)G[:W+LV  )G[:W B
)G[DQD+LV B )G[DQD 
)G[HTXL+LV B )G[HTXL B
%5)G[:W  *67)G[:W 
%5)G[DQD B *67)G[DQD 
%5)G[HTXL B *67)G[HTXL 
6RPLWZXUGHGDVKDORSKLOH3URWHLQ+V)G[QXULPKDORSKLOHQ2UJDQLVPXV+VDOLQDUXPVWDUN
EHUH[SULPLHUW 'LHVH ([SHULPHQWH LP =XVDPPHQKDQJ PLW GHU EHYRU]XJWHQ ([SUHVVLRQ
DQGHUHUKDORSKLOHU3URWHLQH LQ(FROL DOV(LQVFKOXN|USHUGHXWHQGDUDXIKLQ GDVV+V)G[ LQ
(FROLH[SULPLHUWMHGRFKDOVXQJHIDOWHQHV3URWHLQHUNDQQWXQGDEJHEDXWZLUG3URWHLQHGLHLQ
(FROL QLFKW JHIDOWHW ZHUGHQ GLH DEHU LQ GHU GHQDWXULHUWHQ )RUP DJJUHJLHUHQ VLQG LQ
(LQVFKOXN|USHUQYRUGHP$EEDXGXUFK3URWHDVHQJHVFKW]W+V)G[OLHJWMHGRFKDXFKLQGHU
XQJHIDOWHQHQ$SRIRUPEHLQLHGULJHQ6DO]NRQ]HQWUDWLRQHQO|VOLFKYRUXQGELOGHWGHVKDOENHLQH
(LQVFKOXN|USHU
'LH([SUHVVLRQ GHU0XWDQWH LQ( FROL KLQJHJHQ LVW HLQ+LQZHLV GDUDXI GDVV GHU KDORSKLOH
&KDUDNWHUGHV+V)G[DXIGLHDFLGHQ([WUD'RPlQH]XUFN]XIKUHQLVW'LH'HOHWLRQVPXWDQWH
ZLUGZLHHLQLJHDQGHUHPHVRSKLOH)HUUHGR[LQHDOV$SRSURWHLQLQ(FROLH[SULPLHUW
 &OXVWHUHLQEDX)DOWXQJXQG6WDELOLWlWYRQ)G[DQD
'DGLH0XWDQWH)G[DQDQXUDOV$SRSURWHLQRKQHJHRUGQHWH6HNXQGlUVWUXNWXUHUKDOWHQZXUGH
PXWHQ%HGLQJXQJHQJHIXQGHQZHUGHQXQWHUGHQHQHLQH)DOWXQJXQGGHU(LQEDXGHV(LVHQ
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6FKZHIHO&OXVWHUV VWDWWILQGHW =XHUVW VROO HLQ hEHUEOLFN EHU GLH ELVKHU HLQJHVHW]WHQ
5HNRQVWLWXWLRQVPHWKRGHQ IU )HUUHGR[LQH XQG GLH 6WDELOLWlW YRQ 3IODQ]HQW\SIHUUHGR[LQHQ
JHJHEHQZHUGHQEHYRUDXIGLH5HNRQVWLWXWLRQGHV)G[DQDHLQJHJDQJHQZLUG
4.5.1 Überblick über Faltung und Rekonstitution von Ferredoxinen
)U GDV )HUUHGR[LQ DXV$QDEDHQD XQG GDV KXPDQH )HUUHGR[LQZHOFKH EHLGH LQ( FROL DOV
$SRSURWHLQHUKDOWHQZXUGHQVLQG5HNRQVWLWXWLRQVSURWRNROOHIUGLH(LVHQ6FKZHIHO&OXVWHULQ
GHU /LWHUDWXU EHNDQQW 'LH 0HWKRGHQ GHU 5HNRQVWLWXWLRQ YDULLHUHQ LQ GHU =XJDEH GHU
(LVHQLRQHQ HQWZHGHU DOV )H62 RGHU )H&O XQG LQ GHU 6DO]NRQ]HQWUDWLRQ GHU 3XIIHU
EHGLQJXQJHQZHOFKHHQWZHGHUGXUFK'LDO\VHRGHU9HUGQQHQHLQJHVWHOOWZHUGHQ-DFREVRQHW
DO&KHQJHWDO&RJKODQ	9LFNHU\6XKDUDHWDO+RQJ	
5DELQRZLW]  'LH 5HNRQVWLWXWLRQ GHV (LVHQ6FKZHIHO&OXVWHUV ZDU LP )DOOH GHV
$QDEDHQD )HUUHGR[LQV XQG GHV KXPDQHQ )HUUHGR[LQV PLW 7ULVSXIIHU RKQH 1D&O RGHU .&O
HUIROJUHLFK hEHU HLQHQ 9HUJOHLFK GHU $EVRUSWLRQVVSHNWUHQ XQG GHU &'6SHNWUHQ YRQ GHQ
UHNRPELQDQW GDUJHVWHOOWHQ )HUUHGR[LQHQ PLW GHQHQ GHU :LOGW\S)HUUHGR[LQH ZXUGH
IHVWJHVWHOOWGDVVGLH*HRPHWULHGHU(LVHQ6FKZHIHO&OXVWHUXQGGLH)DOWXQJGHUUHNRPELQDQ
WHQ3URWHLQHLGHQWLVFKPLWGHQHQGHUMHZHLOLJHQ:LOGW\SIHUUHGR[LQHLVW
'DV 5HNRQVWLWXWLRQVYHUIDKUHQ XQWHU UHGX]LHUHQGHQ XQG GHQDWXULHUHQGHQ %HGLQJXQJHQ GXUFK
=XJDEH YRQ (LVHQ XQG 6XOILGLRQHQ VWHOOW VRPLW HLQ DOOJHPHLQJOWLJHV 3URWRNROO IU GHQ
&OXVWHUHLQEDX LQ $SRIHUUHGR[LQH GDU 'DEHL OLHJHQ (LVHQ6FKZHIHO&OXVWHU YHUVFKLHGHQHU
=XVDPPHQVHW]XQJ LQ/|VXQJ LQ HLQHPG\QDPLVFKHQ*OHLFKJHZLFKWYRU )H6À )H6
À)H6HWF%HLQHUWHWDO'HU(LVHQ6FKZHIHO.RPSOH[EHZLUNWGLH)DOWXQJGHV
3URWHLQV DEHU GLH 3RO\SHSWLGNHWWH OHJW GLH =XVDPPHQVHW]XQJ GHV (LVHQ6FKZHIHO&OXVWHUV
IHVW 3DJDQL HW DO 'DV VFKHLQW DXFK ÄLQYLYR³ GHU )DOO ]X VHLQ'DV )HUUHGR[LQ DXV
7KHUPRWRJD PDULWLPD ZHOFKHV HLQHQ )H6 HQWKlOW NDQQ DOV +RORSURWHLQ LQ (FROL
H[SULPLHUWZHUGHQREZRKO(FROLVHOEVWQXUHLQ)H6)HUUHGR[LQSURGX]LHUW'DULPRQW	
6WHUQHU
'LH IU PHVRSKLOH $SRIHUUHGR[LQH HQWZLFNHOWH 5HNRQVWLWXWLRQ GHV (LVHQ6FKZHIHO&OXVWHUV
ZXUGHGXUFKJHKHQGLQ1LHGULJVDO]O|VXQJRKQH1D&ORGHU.&OGXUFKJHIKUW'LH$SRSURWHLQH
EHVLW]HQ NHLQH QDWLYH )DOWXQJ HUVW GHU &OXVWHUHLQEDX EHZLUNW GLH $XVELOGXQJ GHU QDWLYHQ
GUHLGLPHQVLRQDOHQ6WUXNWXU
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$XFK+V)G[EHVLW]WQXULQGHU+RORIRUPGLHQDWLYH6HNXQGlUXQG7HUWLlUVWUXNWXUGLH)DOWXQJ
GHV KDORSKLOHQ 3URWHLQV KlQJW XQPLWWHOEDUPLW GHP(LQEDX GHV )H6&OXVWHUV ]XVDPPHQ
'LH'DUVWHOOXQJGHVXQJHIDOWHWHQ$SRSURWHLQVDXVQDWLYHP+V)G[GXUFK7&$=XJDEHXQGGLH
DQVFKOLHHQGH5HNRQVWLWXWLRQGHV(LVHQ6FKZHIHO&OXVWHUVXQWHU+RFKVDO]EHGLQJXQJHQIKUWH
HEHQIDOOV ZLHGHU ]X HLQHP 3URWHLQ GHVVHQ $EVRUSWLRQVPD[LPD VLFK QLFKW YRQ GHQHQ GHV
(GXNWHVXQWHUVFKLHGHQ'LH5HNRQVWLWXWLRQGHV(LVHQ6FKZHIHO&OXVWHUVEHZLUNWDOVRGLH$XV
ELOGXQJGHUNRUUHNWHQQDWLYHQ)DOWXQJ$OOHUGLQJVZXUGHIHVWJHVWHOOWGDVVLQ1LHGULJVDO]HLQH
9HUVFKLHEXQJGHU$EVRUSWLRQVPD[LPDYRQQPXQGQPGHV+ROR)G[]XQPXQG
QPNRPPW'LHbQGHUXQJGHV$EVRUSWLRQVVSHNWUXP OlW VLFKGXUFKHLQHbQGHUXQJGHU
ORNDOHQ*HRPHWULHGHV(LVHQ6FKZHIHO&OXVWHUVXQWHU1LHGULJVDO]EHGLQJXQJHQHUNOlUHQZDV
VFKRQ YRQ 6RQDZDW HW DO EHREDFKWHW ZXUGH %DQG\RSDGK\D\ HW DO  'LH IROJHQGHQ
P|JOLFKHQ .RQIRUPDWLRQVlQGHUXQJHQ VROOHQ DQKDQG HLQHV =XVWDQGVPRGHOO GLVNXWLHUW
ZHUGHQ
'LHHLQH0|JOLFKNHLWEHVWHKWGDULQGDVVGHU=HUIDOOGHVQDWLYHQ+ROR+V)G[+ROR+V)G[Q
]XP QLFKW JHIDOWHQHQ $SR+V)G[ $SR+V)G[X EHU GDV +ROR+V)G[ RKQH UHJXOlUH
6HNXQGlUVWUXNWXUVWDWWILQGHW+ROR+V)G[X
+ROR+V)G[QÀ +ROR+V)G[XÀ $SR+V)G[X
=XP DQGHUHQ N|QQWH HV VLFK EHL GHQ EHLGHQ XQJHIDOWHQHQ )RUPHQ XP ]ZHL DOWHUQDWLYH
.RQIRUPDWLRQHQ KDQGHOQ GLH XQWHU GHQDWXULHUHQGHQ %HGLQJXQJHQ HLQJHQRPPHQ ZHUGHQ
N|QQHQ
'D)G[DQDDOV$SRSURWHLQH[SULPLHUWZXUGHPXWHHLQH5HNRQVWLWXWLRQGXUFKJHIKUWZHUGHQ
'HU (LQEDX GHV (LVHQ6FKZHIHO&OXVWHUV ZDU P|JOLFK DOOHUGLQJV HQWVSUDFKHQ GLH $E
VRUSWLRQVPD[LPD GHV )G[DQD LP VLFKWEDUHQ %HUHLFKPLW QP XQG QP QLFKW GHQ IU
3IODQ]HQW\SIHUUHGR[LQH FKDUDNWHULVWLVFKHQ :HUWHQ YRQ QP XQG QP %RQRPL 	
.XUW] 'LHVH7DWVDFKH GHXWHW GDUDXI KLQ GDVV HV VLFK XP HLQ WHLOZHLVH GHQDWXULHUWHV
3IODQ]HQW\SIHUUHGR[LQ KDQGHOW 'LHVH 9HUPXWXQJ NRQQWH DQKDQG YRQ &'6SHNWUHQ EHOHJW
ZHUGHQ
+ROR+V)G[Q
+ROR+V)G[X
$SR+V)G[X
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LH'HOHWLRQGHU([WUD'RPlQHGHV+V)G[EULQJWVRPLWHLQHVWlUNHUH6W|UXQJGHU6HNXQGlU
VWUXNWXU GHV )HUUHGR[LQV PLW VLFK DOV HUZDUWHW XQG PDFKW HLQH IU 3IODQ]HQW\SIHUUHGR[LQH
W\SLVFKH)DOWXQJGHV)G[DQDXQP|JOLFK
)U GLH 5HNRQVWLWXWLRQVUHDNWLRQ ZXUGH EHREDFKWHW GDVV GHU (LQEDX GHV (LVHQ6FKZHIHO
&OXVWHUV EHL GHU 0XWDQWH )G[DQD XQWHU +RFKVDO]EHGLQJXQJHQ LP 9HUJOHLFK ]XU VHLQHU
5HNRQVWLWXWLRQXQWHU1LHGULJVDO]EHGLQJXQJHQQXU]XVWDWWIDQG'LH'HOHWLRQGHUDFLGHQ
([WUD'RPlQHEHZLUNWVRPLWGHQ9HUOXVWGHUW\SLVFKKDORSKLOHQ(LJHQVFKDIWGHV+V)G[GHQ
(LVHQ6FKZHIHO&OXVWHUQXUXQWHU+RFKVDO]EHGLQJXQJHQ HLQ]XEDXHQ'LH5HNRQVWLWXWLRQGHV
)G[DQDKLQJHJHQ ILQGHWXQWHUGHQ IUPHVRSKLOH3IODQ]HQW\SIHUUHGR[LQHQ FKDUDNWHULVWLVFKHQ
%HGLQJXQJHQVWDWW
4.5.2 UV-VIS spektroskopische Untersuchungen zur Stabilität und Faltung von
Fdxana im Vergleich zu Pflanzentypferredoxinen und HsFdx
'LH (LQZLUNXQJ YRQ +DUQVWRII XQG DONDOLVFKHQ /|VXQJHQ DXI GLH 6WUXNWXU GHV
6SLQDWIHUUHGR[LQVZXUGH LQ$EKlQJLJNHLW YRQ GHU 6DO]NRQ]HQWUDWLRQ XQWHUVXFKW +DVXPL HW
DO+DVXPL	2KPRUL'DEHLZXUGHIHVWJHVWHOOWGDVVELV]XHLQHU.RQ]HQWUDWLRQ
YRQ01D&OHLQH6WDELOLVLHUXQJGHV3IODQ]HQW\SIHUUHGR[LQVHUUHLFKWZLUG(LQHGXUFK0
+DUQVWRII KHUYRUJHUXIHQH 6WUXNWXUlQGHUXQJ GHV 6SLQDWIHUUHGR[LQV LQ 1LHGULJVDO]O|VXQJ
ZHOFKH DQKDQG GHU bQGHUXQJ GHU %DQGHQ LP &'6SHNWUXP XQG GHU 9HUVFKLHEXQJ GHU
$EVRUSWLRQVPD[LPDLPVLFKWEDUHQ%HUHLFKLGHQWLIL]LHUWZXUGHNRQQWHGXUFK=XJDEHYRQ0
1D&O UFNJlQJLJ JHPDFKW ZHUGHQ NDQQ +DVXPL 	 2KPRUL  3HWHULQJ 	 3DOPHU
 %RQRPL 	 .XUW]  'XUFK =XJDEH YRQ LQVJHVDPW 0 +DUQVWRII ZXUGH GHU
(LVHQ6FKZHIHO&OXVWHULUUHYHUVLEHO]HUVW|UW'DKHUZXUGHDQJHQRPPHQGDVVIUGDV)H6
6SLQDWIHUUHGR[LQHLQ,QWHUPHGLDWPLWQXUQRFKWHLOZHLVHHUKDOWHQHU6HNXQGlUVWUXNWXUH[LVWLHUW
(UVW QDFK 9HUOXVW GHV (LVHQ6FKZHIHO&OXVWHUV ZLUG GLH YROOVWlQGLJ GHQDWXULHUWH )RUP
HUUHLFKW
'LHVHOEH9HUVFKLHEXQJGHU$EVRUSWLRQVPD[LPDGHV6SLQDWIHUUHGR[LQVLPVLFKWEDUHQ%HUHLFK
YRQ QP XQG QP ]X QLHGULJHUHQ :HOOHQOlQJH YRQ QP XQG QP GLH EHL
VWHLJHQGHQ+DUQVWRIINRQ]HQWUDWLRQHQ ]X VHKHQZDU WUDW LQ VWlUNHU DONDOLVFKHQ/|VXQJHQ EHL
HLQHU(UK|KXQJGHVS+:HUWHVYRQDXIDXI3HWHULQJ	3DOPHU'LH=XJDEH
YRQ 0 1D&O PDFKWH GLH 6WUXNWXUlQGHUXQJHQ GHV 6SLQDWIHUUHGR[LQV XQWHU GLHVHQ
%HGLQJXQJHQHEHQIDOOVZLHGHUUFNJlQJLJ$XHUGHPZXUGHGLH%HKDXSWXQJDXIJHVWHOOWGDVV
'LVNXVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

VLFKHLQJHULQJHU6WUXNWXUXQWHUVFKLHGGLHVHV3IODQ]HQW\SIHUUHGR[LQVXQWHU+RFKXQG1LHGULJ
VDO]EHGLQJXQJHQ DQ GHQ OHLFKW ]X QLHGULJHUHQ :HOOHQOlQJHQ YHUVFKREHQHQ
$EVRUSWLRQVPD[LPDHUNHQQHQOlW
)U+V)G[NRQQWHLQ*HJHQZDUWYRQ01D&ODXFKGXUFK=XJDEHYRQ0+DUQVWRIINHLQH
bQGHUXQJ GHU $EVRUSWLRQVPD[LPD HUUHLFKW ZHUGHQ 6RPLW LVW +V)G[ XQWHU +RFKVDO]EHGLQ
JXQJHQ GHXWOLFK VWDELOHU DOV 6SLQDWIHUUHGR[LQ XQWHU 1LHGULJVDO]EHGLQJXQJHQ )U )G[DQD
ZXUGH JH]HLJW GDVV GLH0XWDQWH QLFKW GXUFK =XJDEH YRQ 01D&O VWDELOLVLHUW RGHU LQ GLH
QDWLYH)RUPJHEUDFKWZHUGHQNRQQWH
'LH 'HOHWLRQ GHU DFLGHQ ([WUD'RPlQH EHZLUNW DOVR ]XP HLQHQ GDVV GDV UHNRPELQDQWH
3URWHLQDXVVFKOLHOLFKLQGHPPHVRSKLOHQ2UJDQLVPXV(FROLH[SULPLHUWZLUG=XPDQGHUHQ
LVW GHU (LQEDX GHV (LVHQ6FKZHIHO&OXVWHUV EHL )G[DQD XQWHU 1LHGULJVDO]EHGLQJXQJHQ
P|JOLFK2EGLH.RQIRUPDWLRQGHU([WUD'RPlQHGHV+V)G[ VHLQHU )DOWXQJ XQWHU1LHGULJ
VDO]EHGLQJXQJHQ HQWJHJHQZLUNW RGHU RE GLH NRUUHNWH )DOWXQJ GHU ([WUD'RPlQH XQWHU
+RFKVDO]EHGLQXQJHQ9RUDXVVHW]XQJIUGLH5HNRQVWLWXWLRQLVWNDQQQLFKWJHNOlUWZHUGHQ
+V)G[ZLUGHEHQVRZLH3IODQ]HQW\SIHUUHGR[LQHGXUFKK|KHUH6DO]NRQ]HQWUDWLRQHQVWDELOLVLHUW
$EHUGDV+V)G[EDXWLP*HJHQVDW]]XGHQ3IODQ]HQW\SIHUUHGR[LQHQXQGGHU0XWDQWH)G[DQD
RKQHGLH([WUD'RPlQHQLFKWXQWHU1LHGULJVDO]EHGLQJXQJHQGHQ(LVHQ6FKZHIHO&OXVWHUHLQ
6WDWW GHVVHQ ILQGHW GLH 5HNRQVWLWXWLRQ XQG GLH )DOWXQJ GHV +V)G[ QXU XQWHU
+RFKVDO]EHGLQJXQJHQ VWDWW'LH6DO]DEKlQJLJNHLW GHV&OXVWHUHLQEDXVXQGGDPLWGLH)DOWXQJ
GHV +V)G[ ZHUGHQ VRPLW HQWVFKHLGHQG YRQ GHU ([WUD'RPlQH EHHLQIOXW 'LH ,QVHUWLRQ
EHZLUNW GDV IU KDORSKLOH )HUUHGR[LQH W\SLVFKH 9HUKDOWHQ LQ $EKlQJLJNHLW YRQ GHU
6DO]NRQ]HQWUDWLRQ
=XVDPPHQIDVVXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 =XVDPPHQIDVVXQJ
,P5DKPHQGLHVHU$UEHLWZXUGHGLH)XQNWLRQGHUDXV$PLQRVlXUHQEHVWHKHQGHQ,QVHUWLRQ
LQ KDORSKLOHQ )HUUHGR[LQHQ DP %HLVSLHO GHV +V)G[ XQWHUVXFKW 'DEHL ZXUGH GHU (LQIOX
GLHVHUDFLGHQ([WUD'RPlQHDXIGHQKDORSKLOHQ&KDUDNWHUGHV3URWHLQVVWXGLHUW
%HL +V)G[ KDQGHOW HV VLFK XP HLQH O|VOLFKHV 3URWHLQ DXV GHP KDORSKLOHQ 2UJDQLVPXV
+VDOLQDUXP GHVVHQ 6WDELOLWlW PLW VWHLJHQGHU 6DO]NRQ]HQWUDWLRQ GHXWOLFK ]XQLPPW 'LHV
NRQQWHPLW+LOIHWHPSHUDWXUDEKlQJLJHU899,60HVVXQJHQXQGDQKDQGYRQ&'XQG'6&
0HVVXQJHQHLQGHXWLJEHOHJWZHUGHQ
'D HV VLFK EHL GHU+DORSKLOLH XP HLQH (LJHQVFKDIW KDQGHOW GLH DXI GHU:HFKVHOZLUNXQJHQ
HLQHV3URWHLQVPLW6ROYHQVPROHNOHQXQGJHO|VWHQ6XEVWDQ]HQEHUXKWZXUGHGLH6WUXNWXUGHV
+V)G[LQ/|VXQJDQDO\VLHUW'LHÄDELQLWLR³6WUXNWXUEHUHFKQXQJHUIROJWHEHUGLH$QDO\VHGHU
1056SHNWUHQ YRP 1 XQG 1&PDUNLHUWHQ +V)G[ LQ P0 1D&O P0
1DWULXPSKRVSKDWSXIIHUEHLS+(VZXUGHQ ]ZHL$QVlW]H JHUHFKQHW GLH6WUXNWXUHQVFKDU
PLW GHP 3'% 'DWHQEDQNHLQWUDJ (2= HQWKlOW 'LVWDQ]EHVFKUlQNXQJHQ DXV GHU
.ULVWDOOVWUXNWXU GHV+P)G[ IU GLH$PLQRVlXUHQ LQ GHU1lKH GHV SDUDPDJQHWLVFKHQ(LVHQ
6FKZHIHO&OXVWHUV ZHOFKH LQ 105VSHNWURVNRSLVFKHQ0HVVXQJHQ QLFKW ]XJlQJOLFK ZDUHQ
'LH6WUXNWXUHQVFKDUPLWGHP3'%'DWHQEDQNHLQWUDJ(ZXUGHDXVVFKOLHOLFKDQKDQGGHU
105'DWHQEHUHFKQHW%HLGH6WUXNWXUPRGHOOHZHLVHQGLHJOHLFKHQ6HNXQGlUVWUXNWXUHOHPHQWH
XQG7HUWLlUVWUXNWXUDXI'HUUPVG:HUWYRQcGHV&a5FNJUDWHVYRQ(LP9HUJOHLFK
]X c IU (2= ]HLJW GDVV HLQ JXWH 6WUXNWXUEHUHFKQXQJ RKQH GLH +LQ]XQDKPH YRQ
'LVWDQ]EHVFKUlQNXQJHQ DXV EHNDQQWHQ .ULVWDOOVWUXNWXUHQ IU +V)G[ P|JOLFK LVW 'DV
KDORSKLOH)HUUHGR[LQ]HLFKQHWVLFKGXUFKHLQYLHUVWUlQJLJHVb)DOWEODWWDXVZHOFKHVYRQHLQHU
+HOL[ IODQNLHUWZLUG=ZLVFKHQ6WUDQJbXQGbEHILQGHW VLFKGLHKDORSKLOH([WUD'RPlQH
ZHOFKHDXVGHQ+HOLFHVaXQGaDXIJHEDXWLVW
'HU 9HUJOHLFK GHU 6WUXNWXU GHV +V)G[ LQ /|VXQJ PLW GHU .ULVWDOOVWUXNWXU GHV KRPRORJHQ
)HUUHGR[LQVDXV+PDULVPRUWXLPDFKWGHXWOLFKGDVVGLHKDORSKLOHQ3URWHLQH LQ/|VXQJXQG
LP)HVWN|USHUGLHVHOEHQ6HNXQGlUXQG7HUWLlUVWUXNWXUHQEHVLW]HQ'LH105VSHNWURVNRSLVFK
EHVWLPPWHQ)OH[LELOLWlWHQ HUJDEHQ GDVV HV VLFK EHL+V)G[ XP HLQ VWDUUHV0ROHNO KDQGHOW
'LH %HZHJOLFKNHLW GHU $PLQRVlXUHQ LQ GHU KDORSKLOHQ ([WUD'RPlQH XQG DXV DQGHUHQ
%HUHLFKHQ GHV +V)G[ LVW YHUJOHLFKEDU hEHU WHPSHUDWXUDEKlQJLJH 1050HVVXQJHQ ZXUGH
=XVDPPHQIDVVXQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

IHVWJHVWHOOW GDVV GLH (QWIDOWXQJ GHV 3URWHLQV KRPRJHQ YHUOlXIW XQG QLFKW GXUFK GLH
'HQDWXULHUXQJGHUDFLGHQ([WUD'RPlQHLQLWLLHUWZLUG
:LUGGDVKDORSKLOH)HUUHGR[LQPLWGHQ3IODQ]HQW\SIHUUHGR[LQHQDXV$QDEDHQDXQG(DUYHQVH
YHUJOLFKHQ VR OlW VLFK IHVWVWHOOHQ GDVV VLFK LQ GHQ PHVRSKLOHQ )HUUHGR[LQHQ DQVWHOOH GHU
VDXUHQ +HOLFHV aXQG a QXU HLQ NXU]HU /RRS EHILQGHW 'HVKDOE ZXUGHQ ]ZHL 0XWDQWHQ
)G[DQDXQG)G[HTXLGHV+V)G[GDUJHVWHOOWLQGHQHQGLHVHKDORSKLOH([WUD'RPlQHGHOHWLHUW
LVW'DEHLZXUGH IHVWJHVWHOOWGDVVGHUKDORSKLOH2UJDQLVPXV+VDOLQDUXP EHYRU]XJW+V)G[
H[SULPLHUW XQG GDVV VLFK )G[DQD XQG )G[HTXL LQ (FROL H[SULPLHUHQ ODVVHQ )U )G[DQD
ZXUGH HLQH FKURPDWRJUDSKLVFKH$XIJHUHLQLJXQJ HQWZLFNHOW'D GLH0XWDQWH DOV$SRSURWHLQ
H[SULPLHUWZXUGHPXWHDXHUGHPHLQ5HNRQVWLWXWLRQVSURWRNROOHUVWHOOWZHUGHQ
'DV $SR+V)G[ GHV :LOGW\S)HUUHGR[LQV ZXUGH GXUFK =XJDEH YRQ 7ULFKORUHVVLJVlXUH
HUKDOWHQ 'HU (LVHQ6FKZHIHO&OXVWHU NRQQWH LQ *HJHQZDUW YRQ )H XQG 6 XQWHU
+RFKVDO]EHGLQJXQJHQ 0 1D&O ZLHGHUKHUJHVWHOOW ZHUGHQ %HL JHULQJHU 1D&O
.RQ]HQWUDWLRQIDQGGHU&OXVWHUHLQEDXQXUSDUWLHOORGHUJDUQLFKWVWDWW
'LH5HNRQVWLWXWLRQGHV)G[DQDLP&\WRVROZDULP*HJHQVDW]]XP+V)G[XQWHU1LHGULJVDO]
EHGLQJXQJHQGHXWOLFKHIIHNWLYHUDOVLQ01D&O$OOHUGLQJVZXUGHQXUGDV+ROR)G[DQDRKQH
NRUUHNWH6HNXQGlUVWUXNWXUHUKDOWHQ(LQH6WDELOLVLHUXQJGHU0XWDQWHGXUFK=XJDEHYRQ1D&O
ZDUQLFKWP|JOLFK
'LHREHQEHVFKULHEHQHQ(IIHNWHIKUHQ]XGHP6FKOXGDVVGLH([WUD'RPlQHGLHKDORSKLOHQ
(LJHQVFKDIWHQ GHV +V)G[ GXUFK LKUHQ (LQIOX DXI GLH 5HNRQVWLWXWLRQ XQG GLH )DOWXQJ GHV
3URWHLQVEHZLUNW ,P*HQRPGHV+VDOLQDUXPZXUGHQHWZDZHLWHUH3URWHLQHJHIXQGHQ
GLHHLQH,QVHUWLRQYRQYRUZLHJHQGVDXUHQ$PLQRVlXUHQLP9HUJOHLFK]XLKUHQPHVRSKLOHQ
$QDORJDEHVLW]HQ'LH$XVELOGXQJHLQHUVWDUNQHJDWLYJHODGHQHQ([WUD'RPlQHN|QQWHGDPLW
QHEHQ GHU$QKlXIXQJ VDXHUHU5HVWH DXI GHU JHVDPWHQ2EHUIOlFKH YRQ KDORSKLOHQ 3URWHLQHQ
HLQHQ]ZHLWHQ0HFKDQLVPXVGHUKDORSKLOHQ$GDSWDWLRQGDUVWHOOHQGHUHLQHUDVFKH$QSDVVXQJ
YRQ3URWHLQHQDQ+RFKVDO]EHGLQJXQJHQHUP|JOLFKW
$QKDQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 $QKDQJ
 $ENU]XQJVYHU]HLFKQLV
$PS  $PSLFLOOLQ
$36 $PPRQLXPSHUR[RGLVXOIDW
$6 $PLQRVlXUH
$73 $GHQRVLQ¶WULSKRVSKDW
ELGHVW %LGHVWLOOLHUW
ES %DVHQSDDUH
%37, %RYLQH3DQFUHDWLF7U\SVLQ,QKLELWRU
%5 %DNWHULRUKRGRSVLQ
&' &LUFXODU'LFKURLVP
&26< &RUUHODWLRQ6SHFWURVFRS\
&S :lUPHNDSD]LWlWEHLNRQVWDQWHP'UXFN
'1$ 'HVR[\ULERQXNOHLQVlXUH
&6, &KHPLFDO6KLIW,QGH[
G173µV 0LVFKXQJDXV'HVR[\ULERQXNOHRVLGWULSKRVSKDWHQ
'062 'LPHWK\OVXOIR[LG
'6& 'LIIHUHQWLDO6FDQQLQJ&DORULPHWU\
'77 'LWKLRWKUHLWRO
('7$ (WK\OHQGLDPLQWHWUDDFHWDW
)G[DQD 0XWDQWHGHV+V)G[PLWGHP/RRS
DXV$QDEDHQDDQVWHOOHGHU5HVWH
)G[HTXL 0XWDQWHGHV+V)G[PLWGHP/RRS
DXV(DUYHQVHDQVWHOOHGHU5HVWH
)3/& )DVW3UHVVXUH/LTXLG&KURPDWRJUDSK\
)15 )HUUHGR[LQ1$'35HGXNWDVH
*67 *OXWDWKLRQ67UDQVIHUDVH
+$F (VVLJVlXUH
+P)G[ )HUUHGR[LQDXV+DORDUFXODPDULVPRUWXL
+P0'+ 0DODWGHK\GURJHQDVHDXV+DORDUFXODPDULVPRUWXL
$QKDQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

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 +DXSWVWXGLXPDQGHU8QLYHUVLWlW%LHOHIHOG
 'LSORP3UIXQJHQ
 $QIHUWLJXQJ GHU 'LSORPDUEHLW Ä=HLWDXIJHO|VWH )OXRUHV
]HQ]VSHNWURVNRSLH ]XU &KDUDNWHULVLHUXQJ YRQ '1$
)UDJPHQWHQ XQWHUVFKLHGOLFKHU .RQIRUPDWLRQ XQWHU GHU
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 6WLSHQGLDWLQGHU6WXGLHQVWLIWXQJGHV'HXWVFKHQ9RONHV
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 $QIHUWLJXQJGHU'LVVHUWDWLRQÄ6WUXNWXUXQG+DORSKLOLH
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'DQNVDJXQJHQ
$QHUVWHU6WHOOHGDQNHLFKPHLQHP'RNWRUYDWHU3URI'U'2HVWHUKHOWVHKUKHU]OLFKIUGLH
IUHXQGOLFKH$XIQDKPHLQVHLQHU$UEHLWVJUXSSH(UKDWPLFKPLW0RWLYDWLRQXQG%HJHLVWHUXQJ
XQWHUVWW]WXQGLFKKDEHLQGLHVHU=HLWYLHOYRQLKPJHOHUQW
0HLQHQ KHU]OLFKVWHQ'DQN DQV 2H/DERU ,UHQH XQG 3HWHU GLH PLU GDV (LQOHEHQ LP /DERU
OHLFKW JHPDFKW KDEHQ %HWWLQD %ULJLWWH XQG 6XVDQQH GLH PLU QLFKW QXU LQ PHWKRGLVFKHQ
)UDJHQ PLW 5DW XQG 7DW ]XU 6HLWH JHVWDQGHQ KDEHQ :DOWHU XQG &KULVWLDQ IU GLH YLHOHQ
LQWHUHVVDQWHQ *UXQGVDW]GLVNXVVLRQHQ :DOWHU HEHQVR ZLH +VH\LQ IU LKUH *HGXOG EHL GHU
%HVHLWLJXQJ YRQ &RPSXWHUSUREOHPHQ -|UJ XQG )UDX +DDFN IU GLH +LOIH EHL RUJDQLVD
WRULVFKHQ$QJHOHJHQKHLWHQ XQG GLH ]DKOUHLFKHQ hEHUOHEHQVWLSSV -HQV XQG$QG\ZQVFKH
LFKZHLWHUKLQYLHO(UIROJ
$OOHQ 0LWJOLHGHUQ GHV $UEHLWVNUHLVHV GDQNH LFK IU GLH KHU]OLFKH $WPRVSKlUH GLH
+LOIVEHUHLWVFKDIWXQGGDVVWHWLJH,QWHUHVVH
(EHQVR P|FKWH LFK PLFK IU GLH H[]HOOHQWH WHFKQLVFKH 8QWHUVWW]XQJ EHGDQNHQ .DULQ
5RGHZDOG XQG.LNL:H\UDXFK IU GLH'1$6HTXHQ]LHUXQJ8WD 6FKLPDQNR IU GLH 2OLJR
QXNOHRWLGV\QWKHVH:DOWHU(UKDUG IUGLH+LOIHEHL HOHNWURQLVFKHQ XQG -RKDQQ6FKLHIHOH EHL
PHFKDQLVFKHQ $XIJDEHQ (OLVDEHWK :H\KHU6WLQJO GDQNH LFK YLHOPDOV IU GLH IUHXQGOLFKH
8QWHUVWW]XQJEHLGHU$XIQDKPHGHU&'XQG'6&6SHNWUHQ
'HU.OHWWHUPDQQVFKDIW$OH[%HQMDPLQ%RULV,UHQHXQG6WHIILGDQNHLFKIUGLHHQWVSDQQHQ
GHQ6WXQGHQDP)HOVXQGLQGHU+DOOHJHQDXVRZLHIULKUH+LOIHLP/DERU
'HU $UEHLWVJUXSSH YRQ 3URI 'U 3 5|VFK DXV %D\UHXWK P|FKWH LFK JDQ] KHU]OLFK IU GLH
IUHXQGOLFKH$XIQDKPHGRUWGDQNHQYRUDOOHP3''U+HLQULFK6WLFKWIUVHLQHVHKUJXWHXQG
HQJDJLHUWH %HWUHXXQJ XQG 'U .ULVWLDQ 6FKZHLPHU IU GLH NRPSHWHQWH $UEHLW LP 5DKPHQ
XQVHUHU.RRSHUDWLRQ
'HP%RHKULQJHU,QJHOKHLP)RQGVGDQNHLFK]XPHLQHQIUGLHILQDQ]LHOOH8QWHUVWW]XQJXQG
]XPDQGHUHQIUGLHHEHQVRLQWHUHVVDQWHQZLHJHOXQJHQHQ9HUDQVWDOWXQJHQ
/DVWEXWQRWOHDVWP|FKWHLFKPHLQHU)DPLOLHGDQNHQ0HLQHP2SD:HUQHUXQG%HUHQLFHGLH
VLFKLPPHUIUPHLQH)RUWVFKULWWHLP/DERUXQGLP/HEHQLQWHUHVVLHUWXQGGDUDQEHWHLOLJW
KDEHQ
%HDWULFHXQG'HUNIULKUHWDWNUlIWLJH8QWHUVWW]XQJ'HUNDXHUGHPIUVHLQ9HUVWlQGQLVXQG
GHQ5FNKDOW
0HLQHQ(OWHUQZHUGHLFKQLHPDOVJHQXJGDQNHQN|QQHQIULKU9HUWUDXHQLKUH=XQHLJXQJXQG
GLH7DWVDFKHGDVVLFKLPPHUPLWLKUHU+LOIHUHFKQHQNDQQ

